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Pursuant  to  Public  Law  92-?67,  Phase  I Inspection  Reports  are  prepared 
under  guidance  contained  in  the  recomm^ded  guidelines  for  safety 
inspectJjon  of  dais,  publis'^ed  by  the  Office  of  Chief /of  Engine/ers, 
Washingljon,  D.  cl  20314.  The  purpose  of  a Phase  I investigation  is 
to  Identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  Involving  topographic  mapping,  subsurface 
Investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a Phase  I investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 


Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnic,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a Phase  I inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary. 

Phase  I reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydrologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures.  . 


TABLE  OF  CONTENTS 


r 

1 


Brief  Assessment  of  Dam 1 

Overview  Photo  3 

Section  1:  PROJECT  INFORMATION  4 

Section  2:  ENGINEERING  DATA 7 

Section  3:  VISUAL  INSPECTION  10 

Section  4:  OPERATIONAL  PROCEDURES  11 

Section  5:  HYDRAULIC /HYDROLOGIC  DESIGN  12 

Section  6:  DAM  STABILITY 16 

Section  7:  ASSESSMENT/REMEDIAL  MEASURES  17 


Appendix  I:  Maps  and  Drawings 

II:  Photographs 

III:  Field  Observations 
IV:  Geology  Reports 

V:  Underwater  Inspection  Report 

VI:  Contract  Specifications  (Selected  Pages) 

VII:  References 


PHASE  I REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 

I 


Name  of  Dam:  Townea  Dam 

State:  Virginia 

County:  Patrick 

Coordinates:  3641.2  3023.8 

Stream:  Dan  River 

Date  of  Inspection:  27  July  1978 


Townes  Dam  is  an  unreinforced  concrete  arch  dam,  133  feet  high, 
and  575  feet  long  at  the  crest,  sited  in  a deep  gorge  at  the  head 
waters  of  the  Dan  River.  Design  calculations  are  not  available. 
Searches  by  both  the  designer  and  the  owner  were  unsuccessful  in 
locating  any  design  calculations.  The  Geology  report  and  construction 
drawings  indicating  concrete  strength  and  foundation  grouting  programs 
were  reviewed  and  found  to  be  adequate. 

The  dam  is  in  good  condition,  however,  seepage  has  occurred 
through  an  estimated  30  to  40Z  of  all  construction  and  isonolith 
joints.  The  monolith  joint  located  approximately  125  feet  from  the 
right  abutment  stairs  appears'  to  be  open  1/8  inch.  This  condition 
occurs  at  the  contact  surface  of  the  dam  and  abutment  extending'  upward 
approximately  30  feet.  No  seepage  was  obseirved.  Based  on  visual 
observation,  this  condition  does  not  warrant  serious  concern  at  this 
time,  however,  further  investigation  is  required. 

The  probable  maximum  flood  (PMF)  would  overtop  the  dam  by  three 
feet  reaching  elevation  2233.5  with  the  flashboards  removed.  This 
exceeds  the  flood  level  of  2225  indicated  on  design  drawings.  This  is 
cause  for  concern  since  no  structural  analysis  is  available.  Analysis 
of  dam  stability  for  this  dam  is  beyond  the  scope  of  a Phase  I report. 

Seepage  was  observed  on  the  left  abutment  approximately  40  feet 
below  the  top  of  the  dam  within  5 feet  of  the  dam/abutment  contact. 

The  seepage  on  the  left  abutment  is  not  a problem  at  this  time, 
however,  volume  of  water  should  be  monitored.  (See  Section  7) 

Since  the  spillway  passes  less  than  one-half  the  PMF  and  the 
stability  is  unknown,  the  spillway  must  be  considered  seriously 
inadequate.  If  structural  analysis  proves  the  dam  is  stable  under  all 
loading  conditions,  the  spillway  may  be  considered  inadequate  in  lieu 
of  seriously  inadequate.  A dam  with  a seriously  inadequate  spillway 
is  considered  to  be  unsafe.  Considering  Townes  Dam  to  be  unsafe  for 
overtopping  conditions  is  a conservative  assumption  since  essentially 
the  stability  of  the  dam  is  unknown.  However,  this  approach  is 
consistent  with  good  engineering  judgement  since  the  lives  of  many 
people  are  affected.  This  should  be  considered  an  interim  status 
until  the  stability  of  the  dam  can  be  determined  by  structural 
analysis. 
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It  Is  recomnended  that  the  owner,  at  his  expense,  take  the 
following  action: 

a.  Establish  an  effective  warning  system  to  provide  for 
evacuation  of  the  downstream  flood  plain  If  necessary.  The  warning 
system  should  be  operable  until  It  can  be  shown  by  analysis  that 
Townes  Dam  and  Talbott  Dam  upstream  are  stable  with  appropriate  safety 
factors  Included  under  critical  loading  conditions.  It  must  be 
considered  that  the  Townes  Dam  Is  threatened  whenever  the  reservoir 
level  exceeds  elevation  2225,  or  the  reservoir  level  at  Talbott 
reservoir  upstream  exceeds  2538,  until  analysis  shows  otherwise. 

b.  Engage  a professional  engineer  to  perform  a structural 
analysis  of  the  dam  under  all  loading  conditions  Including  the 
evaluation  of  the  open  monolith  Joint  at  the  right  abutment. 

Structural  analysis  and  evaluation  should  be  completed  within  6 months. 

c.  Engage  the  services  of  a professional  consultant  to  complete  a 
repor*t  of  remedial  mitigating  measures  which  will  correct  the 
seriously  Inadequate  spillway  and  have  an  agreement  with  the 
Conmonwealth  of  Virginia  to  a reasonable  time  frame  In  trtilch  all 
remedial  measures  will  be  complete.  This  work  shall  be  completed 
within  six  months  from  the  date  of  notification  to  the  Governor. 

d.  In  addition  the  following  reconmendatlons  described  In  Section 
7 should  be  performed:  (1)  remove  flashboards,  (2)  investigate  atop 
log  Installation,  (3)  Inspect  trash  rack  regularly,  (4>  verify 
maintenance  of  pipeline  butterfly  valve,  (5)  relocate  transformer, 
fuse  cutouts,  and  surge  arrestors,  (6)  repair  transformer  oil 
leakage,  (7)  teat  transformer  oil,  (8)  Install  emergency  lighting, 

(9)  clear  reservoir  debris. 


Submltt^p^.^^,  Signed  by) 
JAMES  A.  WALSH 

JAMES  A.  WALSH,  P.  E. 
Chief,  Design  Branch 


Approved : 


original  signed  by:. 
Douglas  L..  Hallen 


DOUGLAS  L.  HALLER 
Colonel,  Corps  of  Engineers 
District  Engineer 


Recomnended  By:  ^ , Ccn  o n iqto 

Original  signed  bR  SEP  2 7 1978 

ZAHE  M.  GOODWIN 

ZANE  M.  GOODWIN,  P.  E^ 

Chief,  Engineering  Division 
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TOWNS S DAM 


SECTION  1 - PROJECT  INFORMATION 

1.1  General 

1.1.1  Authority!  Public  Law  92-367,  8 Aug  72  authorized  the 
Secretary  o^  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
national  program  of  safety  inspections  of  dams  throughout  the  United 
States.  The  Norfolk  District  has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  in  the  Comnonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  of  the  Phase  I 
inspections  is  to  identify  expeditiously  those  dams  which  may  be  a 
potential  hazard  to  human  life  or  property. 

1.2  Project  Description: 

1.2.1  Dam  and  Appurtenances:  Townes  Dam,  originally  named  Point 
Lookout  Dam,  is  an  unreinforced  concrete  arch  dam  133  feet  high  and 
575  feet  long  with  a radius  of  curvature  to  the  upstream  face  of  240 
feet.  The  top  of  the  dam  is  8'-0''  wide  and  consists  of  a continuous 
walkway  set  at  elevation  2227  MSL  with  reinforced  concrete  parapet 
walls  I'-O"  thick  on  either  side  of  the  walkway  extending  to  elevation 
2230.5.  Access  to  the  walkway  is  provided  by  concrete  stairs  on  the 
right  abutment  starting  at  elevation  2253.  The  walkway  passes  over  an 
ungated  spillway  120  feet  long  with  a crest  elevation  of  2218. 
Removable  timber  flashboards  are  in  place  and  raise  the  spillway  crest 
3 feet  to  elevation  2221.  Flow  passing  over  the  spillway  strikes  the 
downstream  face  of  the  dam  and  washes  into  a stilling  basin  where 
curved  wingwalls,  S3niietrically  placed  on  either  side  of  the  basin, 
divert  the  flow  into  a channel  approximately  50  feet  wide.  The  intake 
for  power  generation  consists  of  a 120-inch  diameter  transition  into  a 
70-inch  pipeline  passing  through  the  dam  near  its  base  with  the  invert 
at  elevation  2146.  The  intake  is  protected  by  a trash  screen  which 
can  be  raised  or  lowered  by  a motorized  hoist.  The  pipeline  carries 
water  to  a hydro-electric  generating  station  located  approximately  3 
miles  downstream  from  the  dam.  Flow  in  the  pipeline  to  the  three 
hydro-electric  turbines  is  regulated  by  Dow  type  needle  valves.  In 
addition,  a butterfly  valve  in  the  70-inch  pipeline,  housed  in  a 
concrete  valve  house  built  on  the  downstream  face  of  the  dam  at  the 
right  abutment,  can  control  flow  reaching  the  turbines.  The  butterfly 
valve  can  be  operated  electrically  from  the  powerhouse  or  by  an 
override  at  the  dam.  The  butterfly  valve  is  normally  left  in  the  open 
position  (except  ^en  major  repairs  are  made  to  the  pipeline)  and 
discharges  are  regulated  at  the  powerhouse.  A valved  12-inch  line 
exiting  the  valve  house  allows  water  to  bypass  the  70-inch  butterfly 
valve  and  be  released  into  the  stilling  basin  at  Townes  Dam.  A small 


storage  room,  built  into  the  dam  on  the  right  abutment,  houses  a 
private  telephone  for  comiunication  direct  with  the  powerhouse  and 
Talbott  Dam  upstream.  Talbott  and  Townes  Dams  are  both  part  of  the 
Pinnacles  Hydro-electric  Project.  Talbott  Dam  provides  most  of  the 
storage  for  power  generation. 

1.2.2  Location;  Townes  Dam  is  located  on  the  headwaters  of  the 
Dan  River  approx iiMtely  4 miles  south  of  the  town  of  Meadows  of  Dan 
and  the  point  where  Virginia  route  58  intersects  with  the  Blue  Ridge 
Parkway.  Townes  Dam  is  located  5h  miles  downstream  from  Talbatt  Dam. 

1.2.3  Sire  Classification;  The  dam  is  classified  as  a large  dam 
based  on  its  height  of  133  feet. 

1.2.4  Hazard  Classification;  The  dam  has  been  given  a high 
hazard  classification  in  accordance  with  guidelines  contained  in 
Section  2.1.2  of  "Reconmended  Guidelines  for  Safety  Inspection  of 
Dams'*  published  by  the  Office,  Chief  of  Engineers.  The  high  hazard 
rating  is  required  since  if  the  dam  failed  more  than  a few  lives  would 
be  lost.  However,  the  hazard  classification  used  to  categorize  dams  is 
a function  of  location  only  and  has  nothing  to  do  with  its  stability 
or  probability  of  failure. 

1.2.5  Ownership;  City  of  Danville,  Va. 

1.2.6  Purpose ; The  dam  is  used  to  generate  hydro-electric  power 
for  the  city  of  Danville. 

1.2.7  • Design  and  Construction  History;  The  dam  was  designed  by 
Charles  T.  Main,  Inc.  Engineers  of  Boston,  Mass.  Drawings  are  dated 
Jan  21,  1937.  Construction  was  performed  by  Ligon  and  Ligon-Sanmons 
Robertson.  According  to  available  drawings,  foundation  grouting  was 
begun  in  June  and  completed  in  September  of  1937.  Concrete  placement 
for  the  dam  was  completed  in  January  1938  followed  by  grouting  of 
vertical  joints  through  a system  of  keyways  and  grout  slots  built  into 
the  dam.  The  temporary  sluiceway,  which  allowed  river  diversion 
during  construction  was,  closed  1 April  1938. 

1.2.8  Normal  Operational  Procedures;  Operation  of  the  project  is 
regulated.  The  flow  is  monitored  and  controlled  by  the  Pinnacles 
Hydro-Electric  Power  Plant  for  generation  of  electricity.  At  high 
pool  levels,  water  is  automatically  passed  over  the  spillway.  Talbott 
Dam,  located  upstream,  provides  additional  storage  for  power 
generation.  Water  from  Talbott  Dam  is  released  into  Townes  Reservoir 
as  required  to  maintain  head  for  power  generation. 
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1.3  Pertinent  data; 

1.3.1  Drainage  Areas;  The  dam  controls  a total  drainage  area  of 
32.9  square  miles.  Of  this  total,  20.2  square  miles  is  also 
controlled  by  the  upstream  Talbott  Dam,  leaving  a total  of  12.7  square 
miles  attributed  to  the  local  drainage  area. 

1.3.2  Discharge  at  Dam  Site; 

Maximum  known  flood  - 4000  cfs  in  August  1940  (estimated) 

Aqueduct  (3  - 12  inch  outlets  located  at  Pinnacles  Hydro 
Station) 

Pool  level  at  spillway  crest  without 
flashboards  - 188  cfs  (avg.) 

Spillway 

Pool  level  at  top  of  parapet  wall  with  flashboards  - 
7500  cfs 

Pool  level  at  top  of  parapet  wall  without  flashboards  - 
13,100  cfs 

1.3.3  Dam  and  Reservoir  Data;  Pertinent  data  on  the  dam  and 
reservoir  a^e  shown  in  the  following  table: 


TABLE  1.1 

DAM  AMD 

RESERVOIR  DATA 
RESERVOIR 

Item 

Elevation 
ft,  msl 

Area 

Acres 

Acre 

Feet 

CAPACITY 

Watershed 

Inches 

Length 

Miles 

Top  of  Parapet  Wall 

2230.5 

46 

1830 

1.04 

1.8 

Top  of  Walkway 

2227.0 

43 

1650 

0.95 

1.7 

Plood  Level 

2225.0 

41 

1580 

0.90 

1.6 

Top  of  Flashboards 

2221.0 

37 

1400 

0.80 

1.6 

Spillway  Crest 

2218.0 

36 

1325 

0.76 

1.6 

Normal  Pool  2212.0-2217.0 

- 

- 

Streambed  at  Cen- 
ter-Line of  Dam 

2103.0 

i^Elevation  Noted  on  original  drawings. 
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SECTION  2 - ENGINEERING  DATA 


2.1  Design; 

2.1.1  Dam;  The  dam  was  designed  by  Charles  T.  Main,  Inc.  of 
Boston,  Mass.  Design  drawings  are  available  in  the  City  of  Danville 
Electric  Department,  Danville,  Va.  24520,  however,  design 
calculations  are  lost.  Specifications  and  Construction  Regulations 
for  Point  Lookout  Dam  (Townes  Dam)  are  also  available  from  the  City  of 
Danville.  Design  drawings  include  core  boring  logs  for  preliminary 
studies  of  several  possible  sites  for  the  Townes  Dam  as  well  as  rock 
profiles  at  the  present  site  of  Townes  Dam  developed  from  core 
borings. 

2.1.2  Geologic  Investigation;  An  extensive  geologic  and 
foundation  investigation  was  conducted  for  the  dam  by  the  design 
engineers,  Charles  T.  Main,  Inc.  The  investigations  were  directed  by 
the  Consulting  Geologist,  Wilbur  A Nelson  under  contract  to  the  design 
engineers.  Geology  reports  are  on  file  in  the  City  of  Danville 
Electric  Dept.  As  part  of  the  preliminary  studies,  eight  separate 
sites  were  investigated.  The  investigations  at  each  site  included 
detailed  geologic  mapping  and  diamond  core  drilling.  A total  of  50 
core  borings  were  drilled  with  most  concentrated  at  sites  where  the 
gorge  was  narrow.  The  final  site  selected  was  No.  17  where  the  gorge 
was  narrowest.  Site  No.  16,  30  feet  downstream,  was  the  most 
geologically  advantageous  according  to  the  consulting  geologist.  The 
selected  site  was,  however,  approved  by  the  consulting  geologist 
provided  recomnended  foundation  treatments  were  followed.  In  addition 
to  the  geologic  mapping  and  drilling,  the  investigations  also  included 
several  test  pits  and  petrographic  analysis  of  the  foundation  rocks. 

A detailed  geologic  report  of  investigations  with  recommendations 
prepared  by  the  consulting  geologist  is  inclosed  as  Appendix  IV. 
Geologic  cross  sections  across  the  gorge  at  4 of  the  5 sites  are  shown 
on  Plates  8 and  9,  Appendix  I. 

The  dam  is  located  in  the  Blue  Ridge  Physiographic  Province  of 
Virginia  and  is  underlain  by  metamorphic  rocks  of  the  Precambrian  Age 
Lynchburg  Formation.  These  rocks  include  predominately  quartz-mica 
gneiss  with  minor  amounts  of  schist  and  quartzite.  The  general  strike 
of  the  schistosity  of  these  rocks  is  from  N450  to  50°  with  a dip 
to  the  southeast  of  50°  to  80°.  The  structural  geology  of  the 
site  is  fairly  complex.  At  least  three  periods  of  folding  with 
associated  jointing  have  occurred  in  the  rocks  of  the  area.  Thrust 
and  normal  faulting  are  comaon  in  the  Blue  Ridge  but  neither  occurs  in 
the  immediate  dam  site. 
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• 2.2  Construct ion t The  dam  was  constructed  by  Ligon  .and 

Ligon-Sammons , Robertson  Co.,  Inc.  with  construction  inspection  by 
Charles  T.  Main,  Inc.,  Engineers.  The  available  records  prepared 
during  construction  follow: 

a.  Dwg.  1257-185,  dated  May  4,  1938  Pinnacles  Hydro  Electric 
Project,  Point  Lookout  Dam  (renamed  Townes  Dam)  Pouring  and  Testing 
Record  by  Charles  T.  Main  Inc.  This  drawing  is  a record  of  concrete 
placement  and  includes  a tabtilation  of  concrete  test  strengths.  See 
Plate  5,  Appendix  I. 

b.  Dwg.  1257-186  and  1257-186A  dated  May  7,  1938  Pinnacles  Hydro 
Electric  Project,  Point  Lookout  Dam,  Grout  Record.  These  drawings 
detail  the  foundation  grouting  program.  See  Plate  6 and  7,  Appendix  I. 

c.  An  extensive  photo  file  of  construction  progress  is 
available. 


The  above  construction  infonsation  is  on  file  in  the  City  of 
Danville  Electric  Department. 

The  condition  of  the  foundation  rocks  varied  from  abutment  to 
abutment.  Based  on  the  core  borings,  overburden  thicknesses  ranged 
from  6 to  14  feet  on  the  right  abutment  and  4 to  7 feet  on  the  left 
abutment.  Depth  to  unweathered  rock  varied  from  26  to  44  feet  on  the 
right  abutment  and  16  to  26  feet  on  the  left  abutment.  A zone  of 
tallus  from  a nearby  rock  slide  capped  the  upstream  edge  of  the  right 
abutment . 

According  to  contract  specifications  inclosed  in  Appendix  IV, 
excavations  for  the  dam  foundation  were  made  to  a sufficient  depth  to 
secure  the  foundation  on  sound  bedrock  free  of  open  or  soft  seams. 

The  excavations  were  made  in  horizontal  steps  at  least  5 feet  high  as 
shown  on  Plate  5,  Appendix  I.  After  excavation  of  the  foundation  and 
before  placeisent  of  the  concrete  structure,  the  base  was  thoughly 
cleaned  of  all  loose  materials  and  a V thick  layer  of  slush  grout  was 
applied  to  the  cleaned  rock  surface  to  secure  a good  bond  with  the 
first  lift  of  concrete.  Steel  dowel  bars  were  also  grouted  into  the 
bedrock  before  concrete  placement. 

Weathered  zones  were  also  encountered  within  the  underlying 
competent  bedrock  along  narrow  planes  parallel  to  the  schistosity. 
These  weathered  planes  extended  to  the  river  elevation  on  the  right 
abutment  and  were  fairly  continuous.  Since  the  northeast  strike  of 
the  schistosity  planes  cut  across  the  dam  site  at  approximately  45°, 
leakage  through  the  weathered  planes  was  anticipated.  To  stop  the 
leakage  trader  the  dam  and  to  provide  a uniform  and  consolidated 
foundation,  an  extensive  grouting  program  was  completed  before 
construction  of  the  dam  structure.  The  grouting  was  done  in  two 
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phases.  The  first  phase  included  drilling  lOZ  of  the  grout  holes  to 
30  feet  with  a diamond  core  drill  along  the  dam  perimeter.  After 
examining  the  cores  and  the  grout  records  for  these  holes,  the  second 
phase  grout  holes  were  laid  out  and  drilled  to  a minimum  depth  of  30 
feet  with  jackhamners . Approximately  600  grout  holes  were  drilled  and 
grouted.  The  grouting  procedure  is  outlined  in  the  specifications  in 
Appendix  VI.  Drawings  showing  the  hole  locations  and  grout  records 
are  shown  on  Plates  6 and  7,  Appendix  I. 

2.3  Operation! 

2.3.1  Underwater  Inspection!  In  April  of  1978  Logan  Diving  Inc. 
performed  an  underwater  inspection  of  Townes  Dam  as  part  of  a periodic 
general  preventive  maintenance  program  instituted  by  the  Danville 
Electric  Department.  This  report,  titled  "Underwater  Inspection, 
Talbott  and  Townes  Dasu  for  City  of  Danville,  Va.,  April  4 & 5,  1978," 
is  included  in  this  report  as  Appendix  V. 

2.3.2  Maintenance  Logs!  Daily  maintenance  logs  are  maintained 
for  the  dam  and  appurtenances.  The  City  of  Danville  employs  a 
reservoir  patrolman  who  lives  within  walking  distance  of  the  dam. 

2.3.2  Daily  Logs!  Daily  station  logs  (operational  logs)  are 
maintained  at  the  powerhouse  and  the  following  information  is  recorded! 

a.  General  weather  conditions. 

b.  Water  level  at  Townes  Reservoir. 

c.  Daily  and  monthly  rainfall. 

d.  Power  generation  for  the  day  and  month.  (This  data  can  be 
converted  to  CPS  released  at  the  power  station.) 

e.  Miscellaneous  information  concerning  power  plant  operation. 

2.3.3  Monitoring  Program!  3/8"  stainless  steel  eye-bolts  (called 
deflection  eye  bolts  on  design  drawings)  were  set  adjacent  to  vertical 
monolith  joints  at  regular  intervals  on  the  downstream  face  of  the  dam 
apparently  to  measure  moveiaent  in  the  dam.  City  of  Danville  employees 
have  no  knowledge  of  any  previous  attempts  to  monitor  movement  in  the 
dam  and  there  is  presently  no  ongoing  monitoring  program. 

2.4  Evaluation!  With  the  exception  of  original  design 
calculations,  engineering  records  maintained  for  the  dam  are  good. 
Design  drawings,  although  incomplete,  do  adequately  describe  the  dam. 
Operational  records  are  good. 


SECTION  3 - VISUAL  INSPECTION 


3.1  General:  Prior  to  the  field  inspection  performed  on  27  July 
1978,  the  only  inspection  report  available  was  for  an  underwater 
inspection  performed  by  Logan  Diving,  Inc.  The  inspection  revealed  no 
significent  defects  with  the  exception  of  a broken  lifting  cable, 
idiich  was  replaced. 

3.2  Findings: 

3.2.1  Dam  and  Abutsients:  The  results  of  the  27  July  1978 
inspection  are  recorded  in  Appendix  III.  At  the  time  of  the 
inspection,  the  pool  elevation  was  2214.8  MSL  (6.2  feet  below  the 
elevation  of  the  spillway).  Seepage  was  noted  at  the  junction  of  the 
dam  and  wingwall  on  the  left  abutment  where  the  seepage  left  red 
staining  and  calcium  deposits.  Seepage  was  also  noted  5 feet  from  the 
dam  contact  on  the  left  abutment  approximately  40  feet  below  the  top 
of  the  dam.  Water  was  flowing  approximately  10  gpm  from  the  rock  fill 
adjacent  to  the  dam.  Water  was  also  noted  flowing  from  the  rock  fill 
at  two  locations  on  the  right  abutment  but  because  of  the  warmer 
temperature  and  variation  in  flow,  it  was  felt  the  water  was  runoff 
and  not  seepage. 

The  monolith  joint  located  approximately  125  feet  from  the  ri^t 
abutment  stairs  appears  to  be  open  1/8  inch.  This  condition  occurs  at 
the  contact  surface  of  the  dam  and  abutment  extending  upward 
approximately  30  feet.  No  seepage  was  observed.  (See  Photo  7, 
Appendix  II) 

There  were  calcium  deposits  on  30  to  40Z  of  all  monolith  and 
construction  joints,  however,  many  of  these  areas  were  not  seeping  at 
the  time  of  inspection. 

3.2.2  Reservoir  Area:  Large  tree  limbs  and  sawdust  were  noted 
floating  near  the  face  of  the  dam.  The  side  slopes  of  the  reservoir 
were  steep  since  the  reservoir  is  sited  in  a gorge. 

3.2.3  Downstream  Areas:  A U.S.G.S.  quad  sheet  was  used  as  a 
guide  to  assess  the  areas  which  might  be  affected  by  a dam  failure. 
Approximately  25  houses  are  located  on  the  floor  of  the  gorge  within  4 
miles  of  the  dam. 

3.3  Evaluation: 

3.3.1  Dam  and  Abutment:  The  observed  open  monolith  joint  does 
not  warrant  serious  concern  at  this  time,  however,  state  of  stress  at 
this  point  should  be  verified  by  structural  analysis.  With  the 
exception  of  sook  minor  seepage,  no  defects  in  the  dam  or  the  abutsient 
were  noted. 


3.3.2  Downstream  Area:  There  are  approximately  25  dwellings 
downstream  of  the  dam.  Due  to  the  height  of  the  dam  and  the  steep 
slope  of  the  gorge  below  the  dam,  a dam  failure  could  destroy  many 
dwellings. 
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SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  Procedures;  The  Townes  reservoir  provides  the  required  flow 
and  head  for  the  water  wheel  turbines  in  the  powerhouse.  Water  from 
this  reservoir  flows  through  a combination  t3rpe  conduit  that  includes 
steel  pipe,  wood  stave  pipe,  concrete-lined  tunnels,  and  a steel 
penstock.  The  reservoir  pool  is  normally  maintained  between 
elevations  2212  ft.  msl  and  2217  ft.  msl,  however,  this  is  not  always 
possible.  Excess  flow  is  automatically  passed  over  the  spillway. 

Electrical  power  for  the  dam  is  supplied  by  a 2,300  volt, 
three-phase,  transmission  line  from  the  Pinnacles  Power  plant.  An  oil 
filled  distribution  type  transformer  in  the  storage  room  provides 
power  to  the  upper  portion  of  the  dam.  Two  oil  filled  distribution 
type  transformers  in  the  valve  house  provide  power  for  operation  of 
the  valve.  A backup  power  source  is  not  availble.  Location  of  the 
transformers  violates  the  National  Electrical  Code.  Emergency 
lighting  is  not  available  in  the  valve  house. 

4.2  Maintenance  of  Damt  Routine  maintenance  of  the  dam  is 
generally  not  required  due  to  the  type  of  structure.  Debris  and  logs 
are  removed  from  the  reservoir  as  required  by  a patrolman  who  is 
permanently  stationed  at  the  Townes  Dam.  His  primary  duties  are  to 
maintain  and  inspect  the  dam  pipeline  and  operating  facilities  at  the 
dam. 


4.3  Maintenance  of  Operating  Facilities;  A maintenance  checklist 
is  maintained  for  all  operating  facilities  as  well  as  a list  of  all 
maintenance  performed  each  year.  Major  items  and  frequency  of 
inspection  follow; 

Check  butterfly  valve  motor  - monthly 
Lubricate  butterfly  valve  motor  - monthly 
Lubricate  butterfly  valve  - annually 

Inspect  Transmission  Line  (from  powerhouse  to  the  dam)  - monthly 
Inspect  pipelines  - weekly 

Inspect  surge  tank,  penstock,  control  line  - monthly 
Inspect  turbines  - annually 

In  April  1978,  as  part  of  a contract  between  the  City  of  Danville, 
Virginia,  and  Logan  Diving,  Inc.  of  Jacksonville,  Florida, 

(Appendix  V)  minor  underwater  repairs  were  accomplished,  and  an 
inspection  was  made  of  the  operating  elements  of  this  dam. 

4.4  Warning  System;  No  formal  warning  systems  or  evacuation 
plans  exist. 

4.5  Evaluation;  The  operational  procedures  and  maintenance  of 
Townes  Dam  by  the  City  of  Danville  Electric  Dept,  appear  good. 
Additions  to  the  present  procedures  are  listed  in  Section  7. 
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SECTION  5:  HYDRAOLIC/HYDROLOGIC  DESIGN 

5.1  Design!  There  is  no  original  hydraulic  or  hydrologic  design 
data  available  for  the  Townes  Dam. 

5.2  Hydrologic  Records:  Records  of  reservoir  pool  elevations, 
air  temperature,  and  precipitation  are  maintained  at  the  Pinnacles 
Hydro-Electric  Power  Plant.  The  reservoir  contents  at  the  end  of  each 
month  are  published  by  the  U.  S.  Geological  Survey  in  "Water  Resources 
for  Data  for  Virginia".  The  U.  S.  Geological  Survey  has  maintained 
flow  records  approximately  31  miles  downstream  of  the  Dan  River  near 
Francisco,  N.C.  (drainage  area  124  square  miles)  since  August  1924. 

5.3  Flood  Experience:  The  maximum  pool  level  reported  for  the 
Townes  Dam  occurred  14  August  1940  at  an  elevation  of  2226  ft,  MSL,  or 

I 4.5  feet  below  the  top  of  the  parapet  wall.  The  reservoir  pool 

reportedly  reached  elevation  2224  during  Tropical  Storm  Agnes  in  June 

|j  1972. 

t 

* 5.4  Flood  Potential:  The  Probable  Maximum  Flood  (PMF),  1/2  PMF, 

and  one  percent  flood  hydrographs  were  developed  and  routed  through 

li  the  reservoir  by  use  of  the  HEC  IDB  computer  program  (Reference  1, 

* Appendix  VII)  and  appropriate  unit  hydrograph,  precipitation,  and 

storage -out flow  data.  Clark's  Tc  and  R coefficients  for  the  local 
drainage  area  were  estimated  from  basin  characteristics  and  previously 
derived  coefficients  at  the  Francisco  gage.  The  rainfall  applied  to 
the  developed  unit  hydrograph  was  obtained  from  U.  S.  Weather  Bureau 
Publications  (References  2 and  3,  Appendix  VII).  Losses  were 
estimated  at  an  inital  loss  of  0.80  inch  and  a constant  loss 

' thereafter  of  0.05  inch/hour.  Outflow  hydrographs  from  Talbott 

reservoir  were  routed  to  Townes  reservoir  and  combined  with  the  local 

I hydrographs  to  obtain  the  total  inflow  hydrographs  to  Townes  reservoir. 

5.5  Reservoir  Regulation:  Regulated  releases  from  Talbott 
reservoir  supplement  local  inflow  to  Townes.  The  Townes  reservoir  is 
regulated  for  the  generation  of  electricity  for  the  city  of  Danville 
by  the  Pinnacle  H3rdro-Electric  Power  Plant.  The  normal  maximum 
withdrawl  from  Townes  for  power  generation  is  183  cfs.  Under  normal 
. streamflow  conditions,  the  reservoir  pool  ranges  between  elevation 

2212  and  2217.  Recent  records  indicate  that  it  is  not  always  possible 
to  maintain  the  reservoir  level  in  the  normal  pool  range.  Excess 
streamflows  are  automatically  passed  over  the  spillway  or 

! flashboards.  The  storage  curve  supplied  by  the  owners  was  extended 

above  the  top  of  the  flashboards  by  use  of  U.  S.  Geological  Survey 
Quadrangle  Maps.  In  the  August  1940  flood,  the  flashboards  did  not 
blow  out  as  designed.  For  this  reason,  two  rating  curves  were 
developed  for  the  spillway.  One  rating  assumed  the  flashboards  in 
place  while  the  other  assumed  full  conveyance  for  the  ogee  shaped 
spillway.  A rating  curve  was  also  developed  for  the  top  of  the 
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parapet  wall.  All  ratings  assumed  that  the  parapet  wall  would 
withstand  the  pressures  associated  with  overtopping.  In  routing 
hydrographs  through  the  reservoir,  it  was  assumed  that  the  initial 
pool  level  was  at  the  top  of  the  flashboards  for  the  condition  with 
flashboards  in  place  and  at  the  spillway  crest  for  the  condition 
without  flashboards. 


5.6  Overtopping  Potential;  The  probable  rise  of  the  reservoir 
for  the  two  conditions  with  and  without  flashboards  at  both  and  other 
pertinent  information  on  reservoir  performance  is  shown  in  the 
following  table: 

TABLE  5.1  RESERVOIR  PERFORMANCE 


FLOOD 

1940 

One 

Percent!.' 

1/2  PMF 

PMF  2^ 

WITH 

FLASHBOARDS 

Peak  Inflow,  cfs  . - 

9,730 

27,220 

58,490 

Peak  '>«Jtflow,  cfs  4,000 

9,590 

27,180 

58,390 

Peak  Elevation,  ft,  mal  2226 

2231.3 

2235.2 

2239.6 

Spillway,  2221.0  ft.  msl 

Depth  of  Flow,  ft2'  4.5 

4.5 

4.5 

4.5 

Avg.  Velocity,  fps  7.4 

15.5 

18.6 

22.6 

Top  of  Parapet  Wall,  2230.5  ft,  msl 

Depth  of  Flow,,  ft  4/  - 0.8 

4.7 

9.1 

Duration,  hrs 

6.0 

11.5 

15.5 

Avg.  Velocity,  fps 

3.0 

7.2 

10.0 

Tailwater  Elevation, ft ,msl  - 

2109.6 

2114.8 

2120.4 

WITHOOT 

' FLASHBOARDS 

Peak  Inflow,  cfs 

9,790 

25,230 

57,400 

Peak  Outflow,  cfs 

9,650 

25,020 

57,330 

Peak  Elevation,  ft,  msl 

2225.5 

2233.5 

2238.6 

Spillway',  2218.0  ft,  msl 

Depth  of  Flow,  ft  3/ 

7.5 

7.5 

7.5 

Avg.  Velocity,  fps  - 

10.7 

18.1 

20.6 

Top  of  Parapet  Wall,  2230.5  ft. 
Depth  of  Flow,  ft  4/ 

msl 

3.0 

8.1 

Duration,  hrs  - 

- 

8.0 

12.0 

Avg.  Velocity 

- 

5.7 

9.4 

Tailwater  Elevation,  ft,  msl 

2109.7 

2114.3 

2120.3 

The  One  Percent  Exceedence  Frequency  Flood  has  one  chance  in 
100  of  being  exceeded  in  any  given  year. 

Z!  The  Probable  Maximum  Flood  is  an  estimate  of  flood 
discharges  that  may  be  expected  from  the  most  severe  combination  of 
critical  meteorologic  and  hydrologic  conditions  that  are  reasonably 
possible  in  the  region. 

2^  Depth  of  flow  on  spillway  is  limited  due  to  walkway. 

Difference  between  the  maximum  reservoir  elevation  and  the 
top  of  the  parapet  wall. 
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5.7  Reservoir  Emptying  Potential;  A 70-inch  aqueduct  at 
elevation  2146.0  ft,  msl,  ^ich  reduces  to  three  12-inch  cast  iron 
pipelines  at  the  power  plant  is  available  for  dewatering  the 
reservoir.  Assuming  the  power  plant  is  able  to  operate  at  lOOZ 

• capacity  during  drawdown,  it  would  take  approximately  4 days  to  lower 

r the  reservoir  pool  from  the  top  of  the  flashboards  to  elevation  2146.0 

ft,  msl.  There  are  no  methods  available  for  lowering  the  reservoir 
pool  below  this  elevation. 

5.8  Evaluation;  The  probability  of  the  flashboards  being  blown 
out  during  flood  conditions  is  uncertain;  therefore,  prime 
consideration  was  given  to  conditions  of  overtopping  trith  the 
flashboards  in  place.  Under  this  condition,  the  reservoir  pool  rose 
to  within  4.5  feet  of  the  top  of  the  parapet  wall  in  the  August  1940 
flood.  With  the  flashboards  in  place,  the  parapet  wall  would  be 
overtopped  by  0.8  feet  in  the  One  Percent  Flood,  4.7  feet  in  the  1/2 
FKF,  and  9.1  feet  in  the  PMF  for  durations  of  6.0,  11.5,  and  15.5 
hours  respectively.  The  parapet  wall  would  be  just  overtopped  by  20Z 
of  the  PMF.  Conditions  would  be  slightly  less  severe  if  the 
flashboards  were  not  in  place  in  that  35Z  of  the  PMF  would  just 
overtop  the  parapet  wall  with  overtopping  by  other  floods  shown  in 
Table  5.1.1.  The  spillway  is  considered  seriously  inadequate  since  it 
will  not  pass  one-half  of  the  PMF.  If  structural  calculations  ' 
indicate  the  dam  is  stable,  the  spillway  should  be  considered 
inadequate  but  not  seriously  inadequate. 

Conclusions  pertain  to  present  day  conditions  and  the  effect  of 
furture  development  on  the  hydrology  has  not  been  considered. 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  Dan  Foundation;  Townes  Dam  is  founded  on  competent 
metamorphic  bedrock  along  the  river  valley  and  both  abutments. 
Foundation  treatments  including  contact  and  consolidation  grouting 
were  accomplished  under  the  entire  dam  structure.  Foundation  drains 
were  determined  to  be  unnecessary  and  therefore  not  constructed.  For 
a detailed  description  of  site  geology  and  foundation  conditions,  see 
Section  2. 

6.2  Stability;  Structural  calculations  are  not  available  for  the 
dam  and,  therefore,  the  stability  cannot  be  checked.  Analysis  of  the 
dam's  stability  and  state  of  stress  is  beyond  the  scope  of  this  report. 

6.3  Evaluation; 

6.3.1  Structural;  Visual  observations  did  not  reveal  any 
problems  which  indicate  instability.  The  slightly  open  monolith  joint 
noted  in  the  field  observations  (125  feet  from  the  right  abutment 
stairs  on  the  downstream  face  of  the  dam  extending  approximately  30 
feet  upward  from  the  dam  abutment  contact)  cannot  be  properly  assessed 
without  structural  analysis.  It  does  not  appear  to  warrant  serious 
concern  at  this  time,  however,  this  condition  should  be  checked'  when 
structural  analysis  of  this  dam  is  performed. 

6.3.2  Foundation;  Dam  foundations  are  usually  evaluated  on  the 
basis  of  potential  settlement,  sliding  and  seepage.  Settlement  of  the 
dam  is  not  a problem  because  the  foundation  is  competent  bedrock. 
Abutment  stability  against  sliding  failure  is  critical  in  concrete 
arch  dams  since  the  abutments  are  absorbing  most  of  the  loads.  In 
hard,  competent  metamorphic  rocks  like  the  gneiss  comprising  both 
abutments,  sliding  is  only  critical  «diere  low  angle  weathered 
schistosity  planes  or  shear  zones  occur  dipping  in  either  an  upstream 
or  downstream  direction  away  from  the  abutments.  No  shear  zones  were 
mentioned  in  the  geology  report  and  although  weathered  schistosity 
planes  do  occur  dipping  downstream,  the  magnitude  of  the  dip  is  too 
great  (60°  - 80°)  for  sliding  to  occur.  The  potential  for  leakage 
did  exist  within  the  foundation  rock,  therefore,  an  extensive  grouting 
program  was  completed  under  the  entire  dam  structure.  The  grouting 
appeared  to  be  effective  as  very  little  seepage  was  observed  during 
the  Corps  visual  inspection.  The  minor  seepage  noted  is  not  presently 
affecting  the  integrity  of  the  dam,  however,  these  areas  should  be 
monitored  to  determine  increased  flows  or  piping  of  foundation 
materials.  Based  on  the  review  of  the  site  geology  foundation 
conditions  and  treatments  and  on  the  the  visual  inspection,  the  dam's 
foundation  appeared  stable. 
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SECTION  7 - ASSESSMENT  RECOMMENDATION 
REMEDIAL  MEASURES 


I 


7.1  Assessment: 

7.1.1  Safety:  The  Townes  Dam,  as  observed  27  July  1978,  appears 
sound  without  indication  of  structural  instability  or  unsafe 
operation.  The  spillway  will  pass  only  20Z  of  the  PMF  without 
overtopping  the  parapet  (flashboards  in)  and  it  will  not  pass  the  100 
year  flood  without  exceeding  the  flood  level,  elevation  2225, 
indicated  on  the  drawings.  This  is  cause  for  concern  since  no 
stability  analysis  is  availble  and  the  dam  may  have  only  been 
structurally  designed  for  the  flood  level  shown  on  the  drawings.  With 
the  flashboards  reiaoved,  the  spillway  will  pass  35Z  of  the  PMF.  The 
spillway  is  therefore  adjudged  as  seriously  inadequate  and  the  dam  is 
assessed  as  unsafe,  non-emergency. 

The  classification  of  "unsafe"  applied  to  a dam  because  of  a 
seriously  inadequate  spillway  is  not  meant  to  connote  the  same  degree 
of  emergency  as  would  be  associated  with  an  "unsafe"  classification 
applied  for  a structural  deficiency.  It  does  mean,  however,  that 
based  on  an  initial  screening  and  preliminary  computations,  there 
appears  to  be  a serious  deficiency  in  spillway  capacity  so  that-  if  a 
severe  storm  were  to  occur,  overtopping  and  failure  of  the  dam  would 
take  place,  significantly  increasing  the  hazard  to  loss  of  life 
downstream  from  the  dam. 

Talbott  Dam,  upstream  from  Townes  Dam,  also  passes  only  35Z  of  the 
PMF  (flashboards  removed)  and  is  similar  in  construction  to  Townes 
Dam.  See  Phase  I Inspection  Report,  National  Dam  Safety  Program, 
Talbott  Dam.  The  structrual  stability  of  Talbott  Dam  must  also  be 
verified  iamiediately  since  a failure  of  Talbott  Dam  would  probably 
cause  Townes  Dam  to  fail. 

7.1.2  Adequacy  of  Information:  With  the  exception  of  structural 
analysis  information  on  the  dam  is  excellent. 

7.1.3  Urgency : Preparation  of  structural  analysis  should  begin 
immediately. 

7.1.4  Necessity  of  Phase  II:  A Phase  II  inspection  is  not 
considered  necessary. 

7.2  Recosanendation/Remedial  Measures: 

7.2.1  Structural  Calculations:  Structural  analysis  of  the  dam, 
including  a check  of  the  open  joint  noted  in  Section  6,  should  be 
started  immediately  and  completed  within  6 months. 
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7.2.2  In  accordance  wich  paragraph  7.1.1,  it  is  recommended  that 

within  two  months  from  the  date  of  notification  to  the  Governor  of  the  j 

Commonwealth  of  Virginia,  the  owner  engage  the  services  of  a 

professional  consultant  to  determine  by  more  sophisticated  methods  and 

procedures  the  adequacy  of  the  spillway.  Even  though  the  seriously 

inadequate  spillway  would  produce  a dam  failure  primarily  from 

hydrologic  reasons,  remedial  measures  in  structural  or  geotechnical 

areas  may  be  needed  to  remove  the  dam  from  an  unsafe  classification. 

Within  6 months  of  the  date  of  notification  to  the  governor,  the 
professional  consultant's  report  of  appropriate  remedial  mitigating 
measures  should  have  been  completed  and  the  owner  should  have  an 
agreement  with  the  Comnonwealth  of  Virginia  to  a reasonable  time  frame 
in  tdiich  all  remedial  measures  will  be  complete.  In  the  interim,  a 
detailed  emergency  operation  plan  and  warning  system  should  be 
promptly  developed.  It  must  be  considered  that  the  dam  is  threatened 
whenever  the  reservoir  level  exceed  elevation  225  MSL  in  Townes  Dam  or 
the  reservoir  level  at  Talbott  reservoir  upstream  exceeds  2538  until 
analysis  shows  otherwise.  Also,  during  periods  of  unusually  heavy 
precipitation,  around-the-clock  surveillance  should  be  provided. 

7.2.3  Flashboarda;  Flashboards  should  be  removed  until  the 
stability  of  the  dam  is  verified.  (This  reduces  the  probability  of 
activating  the  warning  system  to  approximately  one  in  one  hundred  for 
any  given  year.) 

7.2.4  Stop  Logs:  It  is  suggested  that  the  city  determine  the 
feasibility  of  incorporating  a stop  gate,  or  stop  logs  in  the  intake 
opening  idiich  serves  the  70-inch  pipeline.  If  the  installation  of  a 
stop  gate  is  found  not  feasible,  major  repairs  on  the  butterfly  valve 
would  necessitate  lowering  the  reservoir  pool  to  an  elevation  below 
the  sill  of  the  intake  opening. 

7.2.5  Trash  Rack:  It  is  reconmiended  as  outlined  in  the  Logan 
Diving,  Inc.  report,  that  the  city  perform  a seisi-annual  operational 
inspection  of  the  trash  rack  and  its  siotorized  hoist,  the  motorized 
70-inch  butterfly  valve,  and  the  12-inch  gate  valve.  The  inspection 
should  be  performed  in  the  presence  of  the  superintendent  of  the 
Pinnacles  Hydro  Station. 

7.2.6  Pipeline  Butterfly  Valve;  It  is  felt  that  after  40  years 
of  use,  the  city  should  contact  the  Chapman-Crane  Co.  to  determine 
when  major  repairs  would  be  anticipated  on  the  butterfly  disk  sealing 
surface,  the  fixed  seal,  the  trunnions  and  their  bearings.  An  inquiry 
should  be  made  also  on  whether  it  is  possible  to  replace  the  operating 
stem  packing  while  the  valve  is  subject  to  the  reservoir  water 

pres sure. 
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7.2.7  Electrical  Relocation:  The  transformers,  fuse  cutouts,  and 
surge  arresters  should  be  relocated  outside  of  the  storage  room  and 
valve  house. 

7.2.8  Transformer  Oil  Leakage!  Transformer  oil  leakage  should  be 
repaired  and  the  dielectic  strength  of  the  oil  should  be  tested. 

7.2.9  Emergency  Lighting;  A battery  operated  emergency  lighting 
system  should  be  provided  in  the  valve  house. 

7.2.10  Monitoring  Seepage:  Seepage  at  the  contact  between  the 
dam  and  left  abutment  should  be  measured  and  recorded  every  three 
months  and  additionally  during  periods  when  the  reservoir  is  at  a high 
level.  A significant  increase  in  flow  rate  might  indicate  that 
remedial  foundation  treatment  would  be  required  in  the  future. 

7.2.11  Reservoir;  The  reservoir  should  be  cleared  of  debris. 
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TOWNES  DAM-MONOLITH  JOINT  OPEN  1/8 
AT  DAM/ABUTMENT  CONTACT 
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PHASE  I - FIELD  OBSERVATIONS 


Name  of  Dam:  Townes  Dam  (VA  14102) 

County:  Patrick  State:  Virginia 

Coordinates:  Lat.  3641.2  Long.  3023.8 

Date  of  Inspection:  27  July  1978 

Weather:  Partly  cloudy  with  scattered  thundershowers 
Temperature : 80°? 

Pool  Elevation  at  Time  of  Inspection:  2214.8  MSL 
Tailwater  at  Time  of  Inspection:  2100  MSL 

Norfolk  District  Inspection  Personnel: 

Jeff  Irving,  Structural  Engineer 
Meade  Stith,  Structural  Engineer 
Lonnie  Baird,  Electrical  Engineer 
Henry  Hannond,  Mechanical  Engineer 
Bill  Barker,  Geologist 
Jim  Robinson,  Hydrologist 

Rob  Schonk,  Geotechnical  Engineer  (Recorder) 

Other  attendees: 

Sam  Stryker,  City  of  Danville 

Dave  Lucado,  State  Water  Control  Board 

Clyne  Willis,  Pinnacles  Hydro  Station  Supervisor 

Jesse  Thompson,  Talbott  Dam  Patrolman 

John  Bowman,  Townes  Dam  Patrolman 

1.  GENERAL:  At  the  time  of  the  inspection,  the  level  of  the 
water  in  the  reservoir  was  6.2  feet  below  the  level  of  the  spillway. 

2.  CONCRETE  ARCH  DAM 

2.1  Seepage:  Seepage  was  noted  at  the  junction  of  the  dam  and 
the  left  wingwall  of  the  stilling  basin.  The  seepage  had  left  a red 
stain.  Leeching  of  calcium  from  the  concrete  has  stained  the  dam  face 
white  at  many  construction  and  monolith  joints,  however,  most  of  these 
joints  did  not  appear  to  be  seeping  at  the  time  of  inspection.  (This 
was  difficult  to  determine  since  rain  began  at  the  start  of  the 
inspection.) 

2.2  Structure  to  Abutment  Junction:  Two  suspected  seepage  areas 
were  noted  at  the  dam-abutment  contact.  The  first  area  noted  was  on 
the  left  abutment  approximately  40  feet  below  the  top  of  the  dam. 

Water  was  noted  flowing  at  about  10  gpm  from  under  the  rock  backfill  5 
feet  from  the  dam  contact.  Because  of  the  location  and  coolness  of 
the  water,  it  is  vei^^  probable  the  spring  represents  seepage  and  not 
runoff.  It  wasn't  possible  to  determine  the  exact  location  of  the 
seepage  due  to  the  fill  along  the  dam  contact.  According  to  the  dam 
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operator ; the  spring  flow  has  not  fluctuated.  The  second  area  is 
located  on  the  right  abutment  approximately  50  feet  below  the  top  of 
the  dam  and  3 to  10  feet  downstream  of  the  dam  contact.  Water  was 
noted  flowing  from  2 areas  in  the  rock  fill  at  at  rate  of 
approximately  5 gpm  each.  The  temperature  of  the  water  was  much 
warmer  than  from  the  spring  on  the  left  abutment  and  according  to  the 
dam  operator  the  flow  is  variable  irrespective  of  the  reservoir 
level.  For  these  reasons,  it  is  felt  the  water  is  runoff  and  not 
i seepage . 

2.3  Drains ; No  drains  were  observed  during  the  inspection. 

2.4  Water  Passages;  In  addition  to  the  ungated  spillway,  there 
is  a 70-inch  wood  stave  outlet  conduit  and  a 12-inch  bypass  line. 

2.5  Foundation?  The  foundation  along  both  abutments  and  channel 

! section  is  fairly  competent  qtiartz,  mica  gneiss.  The  strike  of  the 

schistosity  was  measured  at  N 45**  to  50°  E with  a tip  of  50°  to 
80°  to  the  southeast. 

''  2.6  Concrete  Surfaces?  Only  minor  cracks  requiring  no  remedial 

action  were  found.  The  concrete  is  in  generally  good  condition. 

jt  2.7  Structural  Cracking:  There  was  no  evidence  of  structural 

cracking. 

I 2.8  Vertical  and  Horixontal  Alignment?  There  were  no  apparent 

!)  displacements.  Poor  formwork  on  the  downstream  face  resembles 

^ horizontal  displacement  in  places,  however,  no  horizontal  displacement 

, was  observed. 

I 2.9  Monolith  Joints?  Leaching  and  calcium  staining  was  noted 

along  some  of  the  monolith  joints.  The  monolith  joint  located 
approximately  125  ft  from  the  right  abutment  stairs  appears  to  be  open 
1 /8-inch.  This  condition  occurs  at  the  contact  surface  of  the  dam  and 
abutment  extending  upward  approximately  30  feet.  No  seepage  was 
obvserved.  (See  Photo  7) 

2.10  Construction  Joints?  Concrete  formwork  on  the  downstream 
face  of  the  dam  was  poorly  aligned  with  adjacent  concrete.  Cement 
mortar  was  placed  over  the  construction  joints  (See  Photo  3)  probably 
> to  smooth  the  appearance  of  the  dam.  It  is  possible  that  the  mortar 

"patchwork"  was  an  attempt  to  stop  seepage  through  the  dam  idtich  can 
be  seen  in  early  photos.  Most  of  these  "patches"  have  spalled  off  of 
the  dam.  Calcium  deposits  are  built  up  at  construction  joints  from 
seepage  through  the  joints, 
t 

I 
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3.  OUTLET  WORKS: 


3.1  Intake  Stmcturet  The  intake  structure  is  submerged  for 
normal  pool  elevation. It  consists  of  a 70-inch  intake  and  a trash 
I screen.  The  trash  screen  can  be  raised  or  lowered  by  a isotori^ed 

' hoist. 

I 

j 3.2  Outlet  Structure;  The  outlet  structure  consists  of  a valve 

I house  near  the  foot  of  the  right  abutment  and  a pipe  line  to  convey 

i the  water  imder  pressure  from  the  valve  house  to  the  powerhouse.  The 

water  is  carried  through  a 70-inch  wood  stave  pipeline,  70-inch 
I horseshoe  shaped  tunnel,  70-ineh  welded  steel  pipe  and  penstock 

I ranging  from  60  to  54  inches  in  diameter.  The  SA-'inch  penstock 

branches  into  three  12-inch  lines  that  serve  three  turbines.  The  flow 
of  water  generates  power  and  then  discharges  into  the  Dan  River  at  a 
j point  3 miles  downstream  of  the  Townes  Dam. 

I 3.3  Emergency  Gate:  There  is  no  emergency  gate. 

4.  UMGATED  SPILLWAY: 

U 4. 1 Concrete  Weir:  The  concrete  weir  appeared  to  be  in  good 

I condition  with  no  apparent  spalls  or  cracks.  2x6  inch  flashboards 

i are  in  place  on  the  spillway.  Conversations  with  the  dam  operator 

I indicates  that  the  reservoir  level  rarely  reaches  the  flashboards. 

r 4.2  Bridge  and  Piers;  The  parapet  walls  and  walkway  appeared  to 

I be  in  good  condition  with  no  signs  of  concrete  spalling  or  cracking. 

is.  INSTRUMENTATION 

5.1  Monuiscntation/Surveys ; There  is  a surveying  platform  and 
monument  located  240  feet  downstream  of  the  dam.  Eyebolts  have  been 
placed  in  the  face  of  the  dam  for  measuring  deflection  and  pipes 
extend  into  the  dam  for  measuring  temperature. 

6.  RESERVOIR 

6.1  Slopes:  Reservoir  slopes  are  estimated  to  be  30°  or 
[ greater. 

’ 6.2  Sedimentation:  Conversations  with  the  engineers  representing 

the  City  o^  Danville  indicated  sedimentation  along  the  base  of  the 
dm.  An  underwater  inspection  of  the  dam  was  performed  by  Logan 
Diving,  Inc.  of  Jacksonville,  Florida  on  4 and  5 April  1978. 

(Appendix  V)  Large  tree  limbs  and  sawdust  were  noted  floating  near 
k the  face  of  the  dam.  The  reservoir  should  be  cleared  of  debris. 
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6.3  Water  Levels;  There  is  a staff  gage  at  the  dam  and  the  water 
levels  are  recorded  every  day  at  7:30  AM  and  3:30  PM.  Mater  levels 
are  also  monitored  remotely  from  the  Pinnacles  hydro-electic  station. 

7.  DOWNSTREAM  CHAHMEL 

7.1  Conditions:  The  stream  bed  itself  is  covered  with  vegetation 
due  to  infrequent  use  of  the  spillway. 

7.2  Slopes:  Slopes  in  the  vicinity  of  the  dam  are  approximately 
SO  degrees. 

7.3  Approximate  Number  of  Homes  and  Population:  There  are  more 
than  25  homes  located  in  the  bottom  of  the  gorge  within  three  river 
miles  of  the  dam. 
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IHTaODPCTIOM 

Plaid  work  in  comeetlon  with  tlxla  Ropoet  was 

* 

bagun  In  noveaibev,  1939 » ond  was  ooopietad  in  Novembor^ 
1096  • Pron  Hovember«  1938  to  July  1,  1036 « savaral 
trips  war  a auido  esoh  month  to  tba  pro  J sot*  ^ Fron  July  lot 
to  Septambar  Ist  olmoat  continuous  work  was  dons  on  this 
project* 

Trips  waro  mads  aster al  times  during  each  month 

to  the  diffarant  dam  sitss»  which  wars  studied  and  drilled 

; -■  ' :*« ; \ 

during  this  period*  Xn  addition  to  s thorough  cheeking 
of  the  cores  of  the  drill  holeSf  a detailed  study  was  mads 

•*  'vn  •• 

of  the  geology  of  the  dam  aits  areas*  Oeologioal  sso* 
tions  were  obtained  from  surface  outcroppings,  from  road 
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winter  8o«n«  la  Gorge  of  D«a  River  et  polat 
Lookout  J>ui  Site 


cuts  end  from  tho  study  of  the  core  drilling  dono  la  this 
region*  Conaidorable  tloo  was  spent  in  studying  tbs 
underground  water  oondltlons  In  the  narrow  ridge  forming 
the  east  abutment  of  the  Big  Bend  Dam  Sits* 

After  September  1996  two  trips  were  made  to 
the  project^  one  In  September  and  one  In  Kovember^  and  eon* 
siderable  oXfioe  wor^  has  been  done  in  the  preparation  of 
this  Report* 

This  Report  is  made  for  the  city  of  DanTiUOf 
Danville^  Virginia,  and  will  be  supplementary  to  the  £ngi* 
neerlng  Report  made  by  Charles  T*  Main,  Zno*,  on  this  same 
Project  for  the  City  of  Danville* 

LOCATXOH 

The  Point  Lookout  Dam  Site  and  the  Big  Bend  Dam 
Site  are  located  in  the  extreme  west  oentral  part  of  Patrick 

County,  Virginia,  in  the  gorge  of  the  Don  River  near  the  

eaatem  edge  of  the  Blue  Ridge  Hountalna*  . 

The  location  of  the  Point  Lookout  Dam  Site  la  ep* 
proxlmately  miles  slightly  north  of  east  of  the  town  of 
Stuart,  while  the  Big  bend  Dam  Site  is  approximately  7i^ 
miles  slightly  north  of  east  of  the  town  of  Stuart* 

The  neareat  railroad  to  the  dam  alts  la  a ^anSh 
of  the  Southern  Railway  which  a tops  at  the  tovn  of  Stuart* 


aor*to«  rosd*  have  b«an  ballt  into  both  dot 
•Ito.  by  th.  City  Of  OanYlllo.  *b,„ 

with  tho  >»ln  state  hlBlway  at  Cnusaa  store  on  top  of  tbo 

Blue  Rtdse  Bountatne,  about  6 nlloa  roughly  north  of  tho 
two  doa  olto«« 

Patrick  County  la  looated  in  tha*  part  of 
VlrglnU  imosn  aa  tho  blue  atuge  Hountaln  rroyi.ioe,  ,hloh 
bordara  on  the  eaaC  the  oreat  Valley  Hegloinf  VlrglnU. 

She  Pout  lookout  and  Big  Bend  Out  altee,  end 
wrroundUg  territory,  are  abo«  u th.  northeaat  <w.rt.r 
of  the  U.  B.  0«)Usloal  survey  Topogrephlo  Sheat  knoaa  aa 
the  •Stuart  Qu.dr««l.",  a topographlo  ahoet  on  the  aoal. 

Of  1 to  essoo,  having  a contour  Uterval  of  80  feet,  (see 
Plato  1)« 


osorvOOY 

».  rook,  ocgwlalng  thl.  part  of  Virginia  are 
tno«  a.  n.t««rphto  rook,  and  belong  to  the  great  groug. 

Of  oryatallln.  rook,  do.lgnot.d  ..  of  pr..c»nbrl.n  Age. 

All  of  the  rocke  outcropping  and  ooourrlng 
abound  th.  t«  dan  oito.  belong  to  thl.  group  of  ut«...l, 

».t«.orpho..d  «,d  .ltor«l  eryatallU.  rook..  Th.  rook, 
oonalat  of  a aohlatoa.  of  gnela...  of  varlou.  eonpo- 

, altlona,  «...  i,p,„  graphltlo,  .on.  aerloltlo,  and 

•OM  alaoat  pur.  <pwrt..  ...t  of  th.  Uyer.  b. 


designated  a quartz  Tnlca  gneiss^  due  to  the  large  but 
varying  amotmta  of  mica  and  quartz  comprising  them.  In 
addition  smaller  amounts  of  othvir  roolc*formlng  minerals 
occur  In  these  layers.  Xnterbedded  In  these  series  of 
quartk  mica  gneisses  occur  a number  of  layers  of  a rook 
known  as  greenstone,  which  la  composed  primarily  of  hom« 


blend* 


It  Is  considered  from  an  examination  of  thin 


sections  of  rook  fr< ..n  the  drill  holes  at  both  dam  sites 
that  the  quartz  mica  gnelssee  of  various  oosy^osltlons 
were  originally  sedimentary  rooks,  containing  in  some  of 
the  layers  a small  amount  of  calcium  L^^rbonate,  but  not 
sufficient  to  cause  solution  channels  or  danger  from 
leakage  due  to  a dissolving  out  of  such  calcltm  carbon- 
ate content.  Xnterbedded  with  these  altered  sediments 
at  the  Big  Bend  Dam  Site  occur  several  layers  of  green- 
stone* These  layers  of  greenstone,  now  composed  almost 
entirely  of  hornblende  may  have  originally  either  been 
sills  of  basic  igneous  rook  which  came  into  this  sedimen- 
tary series  In  pre-Cambrian  Times,  or  may  have  been  origl* 
nally  just  other  layers  of  the  sedimentary  series  which 
contained  a higher  calcium  content  whiche  when  subjected 
to  the  metamorphio  forces  to  which  this  region  has  been 
subjected  In  the  past,  could  have  been  altered  to  the 
present  type  of  greenstone  rook  which  occurs  In  this  sec- 
tion* 


Zrrespeetlvo  of  tbo  original  orlsln  of  theao 
grecnatono  layers^  they  ore  now  donee  layere  of  rook  nade 
up  alnoat  entirely  of  homblentP  and  lying  parallel  to 
tbo  quarts  mloa  gnelaoee  of  varying  eonpoeltlon  which 
ooour  between  then* 

All  of  the  rock  series  at  both  dua  altee  ohov 
varyli.g  degrees  of  foliavlon  ana  achlatoslty*  Strike 
and  dip  obacrvatlona  token  on  theae  rooks  relate  entirely 
to  the  planes  of  schletoalty^  which  ore  prominently  devol* 
oped  throughout  this  region*  Zt  la,  however,  thought 
that  the  achlstoalty  developed  at  both  dam  altos  le  locally 
at  least  parallel  to  the  old  original  bedding  planes  of 
these  highly  altered  pre*Caabrlan  sedimentary  rocka* 

A atudy  of  these  rooka  shows  at  leaat  three  per- 
iods of  folding,  which  can  be  dlstlnotly  reoognlzed  at 
the  present  time,  but  It  la  not  known  how  many  other  par* 
ioda  of  folding  ante-dated  the  three  that  oan  now  be  dis- 
tinguished* Tboso  distinct  periods  of  folding  have 
naturally  fractured  the  rocks  In  many  different  wsys  and 
have  dovolopsd  planes  of  weakness  along  definite  lines  in 
certain  places* 

On  the  eastern  front  of  the  blue  Ridge,  about : 
five  miles  east  of  the  dam  alte  area,  there  le  evldenos 
of  thrust  faulting  and  also  normal  faulting,  but  as  thoas 
lines  of  dlaturbanoea  roughly  parallel  tbs  front  of  tha 
Blya  Rldga,  whloh  has  a dlroetlon  of  appraxlmately  ir*60^*t 


thoa«  Xlnaa  do  not  out  Into  dan  alto  and  roaerTOlr  oreaa* 

At  tba  Big  Bond  Dam  Site,  tha  aarvlea  rood  built 

In^o  the  aolectod  dam  site,  edowa  iu  one  o£  tbo  outa  mado 

in  Septambar,  19S6,  the  px'caenoa  or  a normal  fault,  which 

la  almost  vertical  and  approximately  parallel  to  the  top 

« 

of  tha  rldga  just  to  tha  west  of  the  Don  River  at  Dam 
Sites  nos.  21  end  22*  Although  this  fatilt  la  only 
aaveral  hundred  feet  from  the  Dan  River,  its  direction  la 
such  as  not  to  affeot  adversely  tha  dam  sites  just  mentioned* 
A detailed  study  of  all  of  these  oong>lleated  geo- 
logical  faotora  has  been  necessary  in  order  to  detoraino 
where  proper  foundation  oonditlor.a  exist  for  the  location 
of  dams  at  folnt  Lookout  and  In  the  Big  Bend  region* 

OEOLOOY  ATTD  STHTTO-nmE  OP  HOCKS 

— jTj 

POTTfT  LOOKITO*  QAM  riTf^S 

At  the  folnt  Lookout  Lam  Litea,  the  pre-Cambrtan 
crystalline  rooks  consist  of  a series  of  quarts  mica  gneisses 
formed  by  metamorpbisa  of  pre-Cambrian  sediments*  Certain 
of  these  gneioslo  layers  oontain  about  three  or  four  per- 
eent  calcium  carbonate,  which  in  thin  rook  sections  isdiowa 
now  to  be  in  the  form  of  crystalline  calcium  carbonate 
aotlxtg  as  a eemantlng  material  in  isolated  and  not  in  oonti- 
guoua  plaoea* 


Fhotp  by  W*A*9t 
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SsES: 

An  analyala  of  a large  aaople  of  rook  from  the 
aervloe  road  to  the  Point  Lookout  Lam  Sltee^at  a point 
about  half  uay  from  the  top  to  the  bottom  of  the  gorge 
on  this  road,  ehowe  that  partloular  layer  of  rook  to  eon* 
tain  S«72  percent  oaloium  carbonate*  Thia  onalyaie 
was  made  of  a sample  of  stone  eolleoted  by  the  suiting 
Ooolo^iot,  (.nd  tmulyiied  by  Frcehiing  uud  nobertaon*  Xno*, 
of  aiohstoad,  Virginia* 

The  original  location  at  point  Lookout  vaa  knosn 
aa  Pam  Site  Ko*  1*  Zt  was  located  near  the  center  line 
of  tho  rook  slide  from  the  point  Lookout  bluff,  and  was 
oondamnod  on  geological  grounds  dloeussod  further  c»i  in 
this  Beport* 

7he  Consulting  Geologist  recotamandad  a site  to 

be  drillod,  s^oh  eras  originally  designated  as  Dam  Site 

Mo*  1*  This  alte  vaa  dovnstreaa  about  25  feet  from  the 

dovnstream  aide  of  the  rock  slide  juat  mentioned*  7hia 

ia  practically  the  same  site  as  vae  designated  later  Dam 

Site  Mo*  16  by  the  Engineers*  instead  of  drilling  the 

* 

site  recommended  by  the  Consulting  Geologist  a site, 
known  as  Dam  glte  tie*  6,  about  76  feet  dosaxatream  frens 
the  Jxinotion  of  hound  Meadow  Creok  and  the  pan  hlver  and 
approximately  200  feet  upstream  from  the  rock  slide  area 
above-mentioned,  was  aelooted  by  the  Engineers  and  drill- 
ing was  started  without  the  knowledge  of  the  Oonstxlting 


Otologist,  although  this  atroteb  of  tho  rivor  had  haeo 
proTloualy  oondennad  hj  the  Conaultlng  Oeologlst*  Dotalla 
of  tha  (iOolO(>ioal  raaaoiia  for  oozideBBilng  this  area  are 
given  later  on  in  thie  Report* 

Dam  Cite  Ho*  17  la  about  25  or  30  feet  upatreaa 
froB  Dam  Cite  no*  16*  the  elte  selooted  by  the  Deaignlng 
Engineer*  Dam  Site  Ko*  16*  aa  already  mentioned*  la  prao* 
tieally  identical  with  the  original  Das  Site  Ho*  11*  the 
tvo  altea  being  only  3 or  4 feet  apart*  Dam  Site  No* 

10  ie  dleoueeed  after  the  "Charaoter  end  Weathering  of 
Sohietoalty"  and  before  Daw  Cite  >?o*  17*  as  the  nearest 
drilling  done  to  Don  Site  Ho*  17  la  on  the  location  of 
Dan  site  Ro*  16*  and  tha  informatlou  on  athioh  tha  loeation 
Of  Dam  Site  Mo*  17  la  based  ie  only  the  partial  Inforsa- 
tion  obtained  from  drilling  Dam  Site  Ho*  16* 

Charaoter  and  ffeatherlnR  of  Cehlstoslty  for  the  Point  Look* 
out  Dan  Sliest  For  all  of  the  Point  Lookout  Dan  Sits 
locations  the  general  strike  of  the  eohistosity  of  the 
quarts  mica  gneiss  in  this  region  is  from  V*  45^  S*  to « 

H*  65^  E**  end  the  dip  of  the  eohistosity  varies  from 
60^  to  the  South  East  to  60®  to  tho  South  Ihist*  A 
oroae  aeetlon  taken  at  righs  angles  to  the  strike  of  tho 
eehiatbeity  and  shoving  the  general  dip  of  the  eohistosity 


at  tlie  point  Lookout  Can  Slto  llo*  Id  ia  attached*  Yhia 
cross  seotloa  shows  that  the  schiatoolty  is  steeper  in 
tho  botton  of  the  gorge  than  It  is  on  the  aides  of  the 
gorge  at  the  level  of  the  top  of  the  proposed  dan* 

A detailed  study  of  the  core  drill  holoa 
drilled  at  Can  Oito  locatio  .a  11^  lb  and  16,  along  this 
section,  ehovs  that  lines  of  weathering,  that  Is  the 
lines  along  which  the  ground  water  haa  percolated  downward 
and  oausect  oxidatlo:;  and  weathering  of  the  rocks,  follows 
definitely  the  lines  of  achiatoslty  and  that  those  lines 
of  weakness  extend  down  on  the  weat  side  of  the  Point 
Lookout  Don  Site  down  to  at  least  the  level  of  the  etreaou 
Placing  Drill  Holes  P-A,  50  and  13  in  this  sasM 
plane,  it  can  be  shorn  that  the  line  of  weathered  rook 
occurring  in  Drill  Hole  P«>A  at  from  41*1^*  to  41i5^  occurs 
again  In  the  botton  of  prill  Hole  Ho*  60  at  an  elevation 
of  2160  feet  above  sea  level,  and  again  occurs  in  ths  bot- 
tom of  Drill  Hole  13  at  an  approxinate  elevation  of  2121 
feet  Where  the  core  lose  at  this  elevation  amounts  to  2^", 
Zn  tho  eeme  way  soft,  weathered  rock  layers  paralleling 
ths  sehistoatty  era  foimd  to  extsnd  down  to  approxlnately 
this  sans  depth  by  ualng  data  in  Holes  P-13,  p-&0,  p-SS 
end  P-63A,  drilled  for  Dan  Slto  locations  11  and  10*  Xh 
all  of  the  drill  holes  on  ths  west  abutment  of  the  Point 
Lookout  Dam  loestions  11,  16  end  16,  soft,  weathered  core 


1 


rook  lo  foxmd  vithin  a tern  feat  of  the  botton  of  each  hola* 
In  Drill  Hola  Ho*  for  Dam  sit#  Ho*  IS,  a <sf^  bolo 
drilled  from  near  the  omter  of  the  river  vaador  tba  vaotom 
bank  of  the  atream,  «a  find  iron  stained  joints  at  a depth 
of  48*1”,  or  just  7 feet  above  the  bottom  of  this  hole, 
showing  that  at  a depth  of  approximately  2075  foot  we  have 
rooks  shoving  weathering  and  rooks  through  vhloh  loakage 
may  oocur* 

P<aio81te  Ho*  16i  Thin  aeetlO'>s  of  the  rook  fx*ort  the 
drill  eorea  nenrost  to  the  proposed  dam  losatlon  at  Point 
Lookout,  which  were  drilled  for  Dorn  Site  Bo*  Id,  show  only 
very  zoinor  oaounta  of  oulolvua  o&rbonate  occurring  la  the 
i*ocks  at  the  dam  site*  Thin  rook  seotloas  were  made 
from  on  average  part  of  the  core  from  Drill  Boles  P»B, 

P*0,  P*D,  P-r,  and  P-J*  Examinations  of  these  thin 
ssctlo.s  were  made  under  the  aioroaoope  to  determine  tho 
amount  of  oalolum  carbonate  present  in  crystalline  form* 

In  Drill  Hole  P*B  the  rock,  which  wao  shown  to  be  a quarts 
nloa  gneiss  with  definite  banding  of  quarts  and  mlou, 
showed  a few  crystals  of  ealolte  in  one  part  of  tho  thin 
seotlon,  as  well  as  other  rook-formlng  minerals  In  minor 
oxaounta*  There  was  not  enough  oalelte  present  to  moke 
tho  rook  porous  through  the  action  of  ground  water  in  dlo* 
solving  out  the  eslolte*  ' 


Ti*o  thin  rook  aeotlont  wero  mad*  Trom  the  core 
of  Drill  Role  P*0^  ono  nenr  the  bottom  of  the  bole  end 
one  about  half  vay  down*  The  thin  rock  aoetlon  frov 
the  bottoa  of  tno  hole  eiiowea  ao  calcito,  but  tho  thin 
eeotion  Bede  froa  the  core  about  halfway  down  in  this 
hole  showed  several  oaloite  cryetale  acting  as  a oeaent* 
ing  material  between  cryetale  of  quarts*  The  rook 
in  both  of  these  thin  sections  was  seen  to  be  a quarts 
txioa  gneiss  containing  some  gamete^  and  a number  of 
other  rook-forming  minerals  in  minor  aioounts* 

The  thin  rook  section  from  the  core  of  Drill 
Hole  P-D  showed  this  rook  to  be  a quarts  mica  gnelte  with 
one  small  aggregate  of  oaloite  as  a cementing  material  be- 
tween quarts  crystals,  as  wsll  as  other  rook- forming 
minerals  in  minor  - amounts*  Again  this  mlorosoopio 
investigation  showed  that  there  was  not  suffiotent  eal- 
oite  present  In  the  rook  to  cause  rook  porosity  by  the 
solution  of  this  mineral* 

The  thin  section  from  the  core  of  Drill  Hole  P-P 
showed  several  siaall  crystals  of  oaloite  with  mioa  and 
quarts*  The  rook  was  seen  to  be  a quarts  mioa  gneiss, 
with  some  pyrite  present  and  also  a few  garnets,  as  well 
as  other  roek-fonoing  minerals  in  minor  amounts*  This 

* 

thin  rook  aeotion  showed  more  oaloite  than  was  seen  in 
any  of  the  other  thin  seotlons  made  from  the  cores  of  the 


drill  holes  at  the  Point  Lookout  Dam  sits*  nowsvsr^ 
the  amount  of  oololte  in  this  thin  rook  section  was  not 
suffioient  to  oeuae  ony  trouble  by  solution  throu^  ths 
sotlon  of  clreulntlng  ground  '^eter  in  this  type  of  rock 
as  the  several  calcite  crystals  were  all  more  or  less 
segregated  together  in  one  part  of  ths  rock  section* 
The  thin  rock  seotion  made  from  the  core  of 
Drill  Bole  P*H  did  not  show  any  calcite*  The  rook  was 
again  seen  to  be  a quarts  mica  gneiss,  with  alternating 
layers  of  mica  and  quarts  containing  garnets  and  pyrite 
end  also  additional  rookofoming  minerals  in  minor  amount  a* 
The  thin  rock  seotion  made  from  a sample  of  the 
core  of  Drill  Hole  P-J  showed  one  or  two  small  calcite 
crystals  in  the  laixture  of  quarts  and  mica*  This  thin 
rook  seotion  also  showed  some  pyrite,  as  well  as  additional 
rook*forming  minerals  in  minor  amounts*  The  rook  was  seen 
to  be  a quarts  mica  fiyieiss* 

In  all  of  the  thin  rook  seotions  examined  and 
mentioned  acove,  the  calcite  in  no  case  was  foiind  to  be 
eosttered  throughout  the  entire  thin  rook  eeotloa,  but, 
wherover  it  wee  found,  the  oaloite  ooourrod  only  in  ieo* 
lated  opots  in  the  rook  and  then  only  in  minor  amounte  in 
oryetalline  fora  with  the  quarts  and  mica  axul  other  rook* 
forming  minerals*  In  only  one  drill  hole  in  the  Point 


• m . 


Lookout  area,  which  was  one  of  the  holes  drilled  tOT 

$ 

Dam  Site  location  Bo«  16,  wae  any  ooloite  aeon  in  eujCfi* 

, oiently  large  crystal  rom  to  be  recognised  by  the  eye# 

In  Prill  Hole  P»GO,  at  21*  depth,  one  oaloite  crystal  at 
least  i inch  across  was  seen  in  the  drill  core# 

Paw  f'lto  ?To«  17 1 The  final  location  of  the  Point  Look* 

out  Pam,  pam  £>lto  Bo#  17,  maae  by  the  peslgnln^^  engineer, 
has  woved  the  dam  location  upstream  approximately  90  feet 
from  Pom  Site  Ro«  16,  the  area  in  v/hoh  the  final  drilling 
was  donOf  and  has  placed  the  west  side  of  this  dam  on  the 
west  aide  of  the  gorge  in  the  edge  of  the  rook  elide  from 
the  high  point  Lookout  bluff* 

Although  core  drilling  haa  been  dona  on  the  down* 
stream  side  of  this  final  looation  none  hos  been  done  on 
the  upstream  side,  except  nolo  p*K  for  abutment  purposes, 
so  that  no  definite  information  is  available  as  to  the 
thickness  of  the  rook  slide  on  the  west  slds  of  ths  gorge 
whore  the  dam  is  now  located*  As  this  location  is  on 
tbs  edge  of  the  rook  elide,  it  is  logioal  to  asstuie  that 
the  elide  has  a less  thicknoas  than  it  would  have  near  its 
center  part,  another  90  to  100  loot  upstream* 

As  each  rook  alids  from  a bluff  acta  in  a slightly 
*differont  msnner,  there  is  no  way  of  definitely  determining 
the  amount  of  rook  debris  lying  on  ths  west  slds  of  ths 


fiorge  at  tha  praaent  dan  aita  looatlon  unlaaa  additional 
drilling  la  done  at  this  point , and  any  aubaurfaoa  oontoura 
nado  to  solid  rook  at  titia  point  ora  purely  bypothatioal* 
Tha  aama  la  true  of  any  contour  linea  draan  on  tha  top  of 
unweathered  rook  on  the  aaat  aldo  of  the  praaant  dan  looo* 
tlon^,  as  no  drill  holes  have  bean  dug  except  on  the  down- 
stream side  of  this  looatlon  • the  near  eat  ones  being  about 
SO  feat  avay  fron  the  center  lino  of  the  proposed  location* 
As  tha  sohistosity  of  tha  rock  on  this  side  outs  across  the 
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dam  looatlon  at  about  an  angle  of  45  as  have  again  no  way 
of  determining  the  depth  to  solid  rock  except  by  deduotlons* 
Therefore^  no  naps  showing  eontemr  elevations  of  solid  rook 
ore  given  In  this  Repert* 

At  Laa  £>lto  Ko*  Id*  ooil  or  loose  rook  covering 
varies  from  14*4*  at  Hole  p-k*  approximately  SO  feet  up- 
stream from  tha  edge  of  the  rock  slide*  to  6 feat  along 
the  hillside  line  of  the  dam  cite  on  the  vest  side  of  tha 
gorgOf  while  on  the  river  bonks  the  soil  overburden  Is 
About  4 feat*  On  ths  east  side  of  the  gorge  the  overbur- 
den to  wostherod  rook  varies  from  4*8*  to  7*1*  along  tha 
lino  of  the  dom  site*  So  it  is  logical  to  assume  that  at 
, Sits  No*  17  ons  will  find  at  least  this  such  overburden  end 
probably  more* 
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Tho  depth  IVora  th«  mtrfaoe  to  the  unveathered 
roolc  on  the  hilloldo  line  of  Data  Site  Ko«  16,  on  the  vest 
side  of  the  QOrge^  vnrlea  from  sets"  to  36i7”,  but  In 
Hole  P-K»  an  abutment  hole  on  the  weot  side  of  the  gorge^ 
the  depth  to  good  rode  le  44*3|*«  Taking  Itolcs  A, 
end  which  in  order  named  are  located  toward  the  edge  of 
the  rock  elide.  It  le  noted  that  '^he  depth  to  good  rook 
Inoreaaea,  bcii^  in  ilolo  in  Hole 

and  44*5,^"  in  Hole  P»X«  Thla  Indioatea  that  it  will  be 
approximately  40  feet  to  tmweathcred  rook  at  the  weet  and 
of  Dam  81te  No*  17* 

If  the  depth  to  unweathered  rook  Inoreaaea  regu* 

larly  upstream  from  each  of  the  other  holes  drilled  on  the 

line  of  Dam  Site  no*  16,  it  night  be  eatlmeted  that  the 

depth  to  unveathered  rook  along  the  aro  of  Dam  Site  Ko*  17 
0 

on  the  vest  aide  of  the  gorge  would  wary  from  30  to  35  feat, 
plus  any  additional  depth  dua  to  tho  edge  of  the  rook  alida* 
These  faots  are  given  as  nothing  moro  than  on  aatiaate 
baaed  on  the  foots  given  above* 

On  the  eost  side  of  the  gorge  the  depth  to  good 
rook  varies  from  1C*2^”  to  25*0",  theea  data  being  obtained 
from  throe  holes  drilled  on  the  lino  of  Dam  Site  Ho*  16* 

A Study  of  the  surface  topo^aphy  on  this  side  of  the  gorge 
would  indicate  that  the  depth  to  weathered  rock  on  the  lint 


of  Daa  Site  Mo*  17  oould  be  at  least  as  deep  as  aboen  at 
Site  IIO0  16»  aad  there  is  aloaye  the  possibility  that  it 
micht  be  a f ev  feet  deeper* 

In  ordor  to  take  care  of  any  leokoge  which  may 
occur  under  the  Point  Lookout  Don  r>ltef  eelooted  by  the 
Designing  Engineer,  cn  Its  west  side  and  under  the  river 
pert  of  the  dam,  grout  holes  should  be  put  down  to  at 
least  an  elovation  of  S,070  feet  above  sea  level  as  the 
strike  of  the  sohistosity  does  not  parallel  the  dam  but 
extends  across  the  line  of  the  dam  at  an  angle  of  appro* 
xlmately  45^,  which  would  permit  of  leakage  from  the  re* 
servoir  along  such  lines  tnder  the  dam  into  the  river 
below*  (See  page  10)* 

Prom  a geological  standpoint,  it  is  oonsldersd 
that  a site  about  30  to  50  feet  donnatream  from  tbo  final 
location  la  better  than  the  locatim  decided  upon  b}^  the 
Designing  Engineer,  mloss  additional  drilling  had  been 
done  to  prove  all  of  the  facts  in  regard  to  this  final 
location  to  be  definitely  satisfeetory*  A location  50 
to  SO  feet  downstrpow  would  hovo  kept  entirely  away  from 
the  edges  of  the  rock  slide  on  the  west  side  of  the  gorge, 
and  one  woiild  bo  doalint^  with  definitely  known  rook  oondi* 
tlone* 


other  Dan  ^ites  iPVCBtiaated  at  ?otnt  Lookouts  Tb« 
orlglnAl  daa  Bit«  at  Point  Lookout^  Dam  Site  Ro*  woa 
located  la  the  xiarroweat  part  of  the  Gorge , erhloh  happen* 
ed  to  be  in  the  center  of  the  rook  elide  from  Point  Look- 
out, thia  heavy  elide  of  looee  rook  having  filled  in  the 
gor^a  ond  made  the  atreem  narrowest  at  thla  point*  De- 
tailed geologioal  work  showed*  from  a study  of  the  strike 
and  dip  aeasuroments  of  the  outcrops  of  rook  on  the  west 
aide  of  the  gorge*  that  none  of  these  rock  outcrops  ware 
in  place*  as  the  sohietoeity  of  these  rook  outcrops  ^len 
plotted  on  the  map  showed  a fane  shaped  pattern*  Althou^^ 
the  geological  investigation  showed  definitely  the  pre- 
sence of  this  rock  Jllde,  the  isnglneers  wlahrd  to  drill  ^ 
several  holes  ut  thia  point  in  ordei*  to  prove  the  correct- 
ness of  the  geologioal  foots*  and*  therefore*  Drill  Boles 
P-1*  3 and  8 were  drilled  in  the  rook  slide  area  and  showed 
that  the  geolpgioal  facts  as  stated  by  the  Consulting  Geo- 
logist were  oorroot* 

Daw  Site  Ko*  8>  The  cite  reootoaended  by  the  Oon suiting 
Oeologiot  as  the  one  then  to  be  drilled  was  designated  as 
Daa  Site  Ho*  11  and  was  about  25  feet  downstrsoa  from  the 
roek  slide*  This  is  prsotloally  the  eaas  site  as  was 
later  given  the  Rumber  10  by  the  Engineers* 


Instead  of 


^ drlUlna  thla  site,  a naw  sitOf  laio«n  as  Oaa  Sits  Ho* 

5c  about  79  feet  dosnatream  fpoa  the  jtaiotioa  of  Round 
Moadoir  Creek  and  the  Den  River , end  approxltcatoly  800 
feet  upstreon  from  th-)*  roek  slide  area  first  drilledc  vas 
aeleoted  by  the  rngineera  and  drilling  vas  started  vtth* 
out  the  knotthedf^o  of  the  ConeuJLtla^  GeolOoiutc  ulthoti^ 
previoualy  this  stretch  of  the  river  bod  been  oondeioned 
by  the  consulting;  OeolOQlatc  on  goolo^loal  grounds  as 
being  unsuitable  for  the  location  of  the  Point  Lookout 
Laa*  Klneteon  holes  urore  drilled  on  this  location ^ 
none  of  which  gave  information  of  any  geological  valuec 
as  all  of  this  drilling  resulted  In  only  oondeonlng  a 
site  whlohc  es  stated  above » had  been  oondomed  by  the 
' Consulting  Geologist*  All  of  those  holes  wore  unaeoes* 
sary  and  none  of  them  should  have  been  drilled* 

At  thla  portioular  eltOcthe  sohlstoslty  of  the 
rooks  paralleled  the  thread  of  the  Can  River  ^ end  just 
upstream  from  this  alto  the  Dan  River  turned  sharply  to 
the  southeast  at  the  point  whore  Ro  md  Meadow  Creek  e atiie 
in  from  a direction  slightly  west  of  north,  so  that  the 
eohistosity  of  the  rooks  on  ths  east  side  of  the  gorge 
out  eoroaa  ths  Can  River  above  and  below  the  proposed 
location  and  made  leakage  through  the  ebutaent  of  a pro« 
posed  doa  at  this  point  too  dangerous  and  made  the  abut* 
ment  oonditlona  too  bad  to  consider  this  site*  On  the 
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vest  side,  the  sobistoBlty  Itkevtse  cut  through  hack  of 
the  abutment  from  Round  lleadow  Creek  above  this  proposed 
site  into  the  rook  slide  on  the  west  side  of  the  corge 
below  this  site,  again  makinc;  leakage  from  the  reaex>volr 
through  the  west  abutment  into  the  s^eaa  below  this  pro* 
posed  site  a strong  poosibillty.  All  of  those  oondi** 
tions  wore  readily  worked  out  by  the  detailed  geological 
Investigations  made  by  tho  Consulting  Oeologiat  axid  were 
the  reasons  for  condwTTnlng  this  sit:©  without  drllllnge 


StiBPsary  of  all  hites  Investigated  at  Point  Lookout:  SVhea 


tho  geological  studios  of  this  region  were  cosq>leted  it 
was  determined  that  the  only  satisfactory  location,  from 
a foundation  standpoint,  for  the  dam  site  was  in  that 
seeticen  of  the  river  below  Sam  Site  Location  XV  and  above 
Dam  Site  Location  15,  a distanee  of  approximately  90  feet 
and  this  fact  was  reported  to  the  proper  officials  of  the 
City  of  Danville  and  to  Charlee  T«  Main,  Zno« 

Zn  the  sect  ion  of  the  river  between  Dam  Site 
Ho*  IS  and  Dam  Site  Ro*  17,  the  otrlke  of  the  sohlatoslty 
of  the  rock  which  varies  from  45^.,  to  H»  60*’ 
erossea  tho  thread  of  the  river  at  on  oblique  angle,  so 
that  any  leakage  along  Units  of  weakness  parsllellng  the 
planes  of  sehlotosity  will  be  much  more  easily  stopped 
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than  ifhero  the  eohietosity  pnrallole  the  thread  of  tho 
river  above  the  rock  elide,  the  lov/or  edge  of  yrhieh  la 
at  Daa  Site  jio«  17«  In  addition  to  this  fact  the 
rook  Qutoropa  ere  more  maasive  cuvi  taoro  oontinuoua  on 
both  Bides  of  the  river  in  the  eeotioa  selected  than  la 
the  seotiona  above  and  belotv*  f/ithln  this  seotion*  be- 
tveen  Vam  Site  Locations  16  to  17,  a distance  of  approxi- 
mately 90  feet,  it  is  desirable,  aa  already  mentioned, 
to  stay  slightly  dovnstream  frxxa  Dan  Site  So*  17,  so  as 
to  got  away  f]^m  the  edge  of  the  rook  slide  of  the  hi^ 
bltiff*  Recoissendatlons  consistently  liave  been  made 
throughout  the  progress  of  this  \iork  that  a aita  slightly 
downstream  from  17  and  upstream  from  19  be  selootod  as  the 
beat  site  from  a goologioal  staxvdivoint* 

Dan  Sites  11,  15,  16  and  17  oro  all  located 
very  close  torcther,  I>a«  cite  So;  IS  bolng  approximately 
SO  feet  doenatreom  from  Cam  bite  So«  Id,  and  Dun  Site  So* 
16  being  approxlontely  Si&  foot  dounstreom  from  Dua  Site 
Xo*  17*  Dam  Sites  11  and  IS  oro  at  almost  the  same  or 
identical  locations,  as  thoy  are  locate  only  9 or  4 foot 
apart*  The  drilling  In  oonnootlon  with  these  four  dam 
sit as  vas  started  at  first  for  Dam  Cite  So*  11*  Duo  to 


the  foot  that  the  Deeigning  Engineer  did  not  oon  alder 
that  the  veetem  abutment  woe  satisfaotory,  drilling  vas 
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I B»ved  doimstrean  to  Cam  Slto  Ho*  15 » then  upstream  to 

Dam  Site  Ho*  16,  end  Pam  Site  Ro«  17  wee  finally  located 
epproxioatoly  25  feet  upstream  from  the  di'illing  done 
for  Com  Site  no*  16* 

REC0If?g7iyDATI0!?S 

I 

RecoTOneufJetlo -8  on  the  Point  Lookout  pern  Site^ 

^ as  well  as  the  5iti  Pend  cam  site,  are  ^iven  at  the  end  of 

the  entire  Report* 
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BIO  ci:J<inJAM  SITES 


Original  Big  Bend  Dam  Site  at  Big  Bend  (Site  A)t  At  th« 
original  Big  Bend  Dam  Site  (Site  A)  the  pre-Caxnbrlan  rooks  ' 
consist  of  a series  of  quartz  mica  gneisses.  At  this 
point  the  general  strike  of  the  schlstoslty  of  these  gneisses 
Is  from  N.  45^  £.,  to  N.  60^  E. » and  the  dip  of  the  schlsto- 
slty,  which  Is  to  the  southeast,  varies  from  60^  to  80^. 

The  original  Big  Bend  Dam  Site  was  located  on 
the  Dan  River  Just  below  the  mouth  of  Ivy  Creek.  The 
first  geological  investigations  were  made  at  this  point  and 
showed  that  the  west  abutment  of  the  dam  was  against  a long 
narrow  ridge  formed  by  the  Big  Bend  of  the  Dan  River,  while 
the  east  abutment  of  the  oam  was  against  a narrow  ridge  ly« 
Ing  between  the  Dan  River  and  Ivy  Creek.  Both  of  the 
abutments  to  this  propo  sed  dam  were  on  narrow  ridges  where 
leakage  conditions  are  undoubtedly  bad.  The  schlatoslty 
of  the  gnelaslo  rocks  was  at  right  angles  to  both  of  these 
ridges,  so  that  the  lines  of  weathering  along  the  planes 
of  schlatoslty  extend  across  the  narrow  point  of  both  of 

these  ridges  and  would  undoubtedly  ’.P?^mlt  leakage  from  the 
reservoir  Into  the  Dan  River  below  the  proposed  dam  site. 

This  would  have  called  for  exceacive  sroutlng  on  both  of 


these  narrow  ridges,  with  also  the  possibility  that  such 
grouting  would  not  have  stopped  the  desired  amount  of  leak- 
age. These  detailed  studies  of  the  geology  at  this  ori- 
ginal site  showed  the  geological  conditions  were  so  unfavor- 
able for  the  location  of  a dam  the  height  desired  by  the 
Engineers  that  this  site  was  condemned  and  abandoned. 

DamSltes  1 to  8,  All  Downstream  from  Big  Bendt  Following 
the  request  of  the  Engineers  that  the  first  site  below  this 
point  on  the  Dan  River  where  geological  conditions  were 
satisfactory  would  be  the  point  where  they  would  prefer  to 
locate  a dam,  a study  was  started  of  the  upper  Dan  River 
Gorge.  Sites  from  1 to  8 were  Investigated  (see  attached 
map  for  locations).  Cross  sections  of  the  gorge  made  by 
the  Engineers  showed  that  the  stretch  of  the  river  at  Sites 
5 and  6 were  narrowest.  Detailed  geological  Investigations 
were  made  at  and  between  these  points,  which  were  only  a few 


hundred  feet  apart.  The  final  locations,  known  as  Dam 
Sites  21  and  22,  are  approximately  at  the  location  of  ori- 
ginal Site  No.  5. 

• Dam  Sites  Noa.  5 and  6,  Approximately  2 Miles  Downstream 
from  Original  Big  Bend  Sltet  In  the  stretch  of  the  river 
at  original  locations  5 and  6,  a study  of  the  detalledgeo- 
logy  shows  that  the  crystalline  pre-Cambrian  rocks  consist 
^ of  a series  of  quarts  mica  gneisses  of  varying  oomposltlon 
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interbedded  with  beds  of  greenstone  composed  mostly  of 

hornblende.  The  strike  of  the  sohistoslty  varies  from 

n.  45^  £• , to  N.  60^  and  the  dip  of  the  sohistoslty 
o o 

varies  from  50  to  85  to  the  southeast.  The  strike  of 
the  sohistoslty  extends  across  the  Dan  River  at  almost 
rl^t  angles f and  the  dip  of  the  sohistoslty,  vhlch  is  In 
general  aknost  vertical,  la  downstream. 

Pam  Site  !To.  1 (new  series  of  numbers)  Approlinately  Same 
as  Dam  Site  No.  6t  The:rbe8t  site  In  this  stretch  of  the 
river  from  a geological  standpoint  la  what  Is  shown  as 
Site  No.  1 on  the  attached  map  showing  the  general  geology 
of  this  area.  This  site  Is,  from  a geological  standpoint, 
the  beat  of  the  sites  studied,  as  both  the  east  and  west 
abutments  of  this  proposed  dam  are  against  the  aides  of 
the  gorge  where  the  bends  of  the  river  do  not  make  narrow 
ridges  and  where  no  leakage  would  oocvir  around  their  abut- 
ment. Due  to  the  cross  section  at  this  point  being 
f renter  than  at  the  other  points  studied  the  Engineers 
considered  It  was  necessary  to  attempt  to  find  a narrower 
cross  section  where  geological  conditions  were  satisfactory, 
or  where  a study  of  these  conditions  would  show  that  any 
veakneas  In  the  foimdation  or  abutments  could  be  taken  care 
of  by  proper  engineering  prnctloe. 

The  narrowest  oroas  section  on  this  sectlo;;  of 
the  river  was  upstream  several  hundred  feet  from  Site  fio.  1, 


1 

and  to  this  nEU'rowest  cross  section  the  doslnnatlons  Daa 
Sites  21  nnd  22  rcre  given.  Between  these  two 
sltee^  1 to  «:2,  a distance  of  approximately  550  fect^ 
several  drill  tsLee  were  put  down  on  the  west  side  of  the 
gorge  at  the  then  proposed  resex*voir  height  to  see  It 
satisfaotory  cores  could  be  obtained  which  would  show  the 
presence  of  a type  of  unweathored  rook  which  would  suit 
the  Designing  Engineer  for  abutcent  ptirposes.  Although 
two  of  these  holes  showed  oonsldorable  good  rook  in  the 
drill  cores  and  there  was  also  a 15  foot  exposod  ledge  of 
hard  quarts  mica  gneiss « it  waa  not  considered  by  the  De- 
algning  LT.gine«»>  that  auff  iolent  good  rook  was  present  in 
this  stretch  of  the  river  for  satisfactory  abutments* 

Since  then  the  blasting  done  fob  the  service  road  into 
the  dam  site  has  shown  for  a distance  of  250  feet  down- 
stream fro-  the  west  abutment  of  Dam  Rlt«  Ko*  22  quarts 
mica  gneiss  which  la  oonalcicrsd  satisfaotory  for  abutment 
purposes  by  the  Consulting  Oeologlst* 

Dsm  Sites  Woe*  81  and  23  (new  series  of  numbers)  Approxi- 
mately same  as  Dam  Site  Ho*  St  Drilling  was  then  oonoen- 
trsted  at  Doa  loeatio:;a  21  end  22  (the  ores  of  those  two 
locations  cross  on  the  east  bonk  of  the  river)  although 
the  east  abutment  of  both  of  those  dam  sites  Is  against  a 
narrow  ridge  made  by  the  bend  of  the  Pan  Alver  where  geolo- 
gleal  oondltlona  are  taoat  unfavorable  and  where  leakage 


will  xmdoubtedly  occur,  which  will  have  to  he  stopped  by 
proper  engineering  practice. 

Drilling  at  Dam  Sites  Hos.  21  and  22  showed  sat- 
Istfactory  foundation  conditions  to  exist  along  the  aro  of 
either  of  these  dam  sites,  and  satisfactory  abutment  condl* 
tlons  to  exist  at  the  west  abutment  of  both  sites. 

Pinal  drill  holes  put  down  to  determine  the  fotox- 
datlon  conditions  for  Dam  Site  Ko.  22  showed  overburden  to 
vary  from  two  feet  to  sixteen  feet,  and  the  top  of  unweath* 
ered  rock  to  vary  from  six  feet  below  the  surface  to  54 
feet  below  the  surface,  the  greater  depths  to  the  unweather- 
ed rook  occtu'rlng  on  the  upper  portion  of  tbs  aro  on  the 
west  side  of  the  river,  where,  although  the  rock  Is  deeply 
weathered,  abutment  conditions  are  excellent. 

The  entire  west  bank  of  the  river  between  Dam 
Sits  No.  1 and  Dam  Site  No.  22  Is  more  deeply  weathered 
than  on  the  east  side,  and  depths  to  xmweathered  xck  are 
much  greater  than  on  the  east  side  of  the  gorge.  Below 
the  first  unweathered  rook  there  ooctuc  weathered  schistose 
rook  In  narrow  planes  parallel  to  the  schist oslty,  which 
sones  will  continue  below  the  dam  foun  Nations  and  should  be 
grouted  If  excessive  leakage  Is  to  be  prevented. 

However,  the  geological  conditions  along  the  aro 
of  Sites  Nca  21  and  22  and  the  oharaoter  of  rooks  along  • 
these  arcs  are  considered  satisfactory  for  dam  foundation 


purposes* 


I 


1 

i Dam  Site  Ho,  22i  Thin  rock  sections  were  made  of  cores 

I ■ ■ ■■ ' ■ '■ 

of  holes  drilled  along  the  arc  or  In  close  proximity  to 
the  arc  of  Dam  Site  No,  22,  The  thin  rook  section  made  * 

; I 

from  part  of  the  core  from  Drill  Hole  8*222  showed  the  | 

rook  to  be  a quartz  mica  ^eiss  containing  much  pyrlte  as  ! 

I : 

! an  impurity,  and  also  other  rook*forming  minerals.  Ho  ' | 

oalclte  was  present,  { 

j ^ 

The  thin  rock  section  from  part  of  the  core  of 

Drill  Hole  No,  223  was  In  what  Is  known  as  greenstone 

j 

and  showed  that  this  rock  was  made  up  almost  entirely  of 
. thin  crystalline  hornblentf,  with  accessory  rock-forming 

minerals. 

The  thin  rock  section  6f  part  of  the  core  of 
Drill  Hole  No,  8-226  was  also  lu  <»reenstone  and  showed 
that  this  rook  was  of  the  same  character  as  rook  In  Drill 
Hole  No,  8-223, 

The  thin  rook  section  from  part  of  the  core  of 
Drill  Hole  No*  8-224  shows  this  rook  to  be  primarily  a 
mica  schist,  full  of  small  drag  fids  and  having  considera- 
ble pyrlte  followlni^  these  small  folds.  No  calolte  Is 
present  but  quarts  and  garnets  do  occur,  as  well  as  other 
rook-formlng  minerals. 

The  thin  rook  section  from  part  of  the  core  of 
prill  Hole  No,  8-230  showed  this  rook  to  be  a quartz  mica 
gneiss,  banded  with  graphite  gneiss,  Xt  contains  nuoh 


[ 


to  traoll  that  It  would  not  offoot  tho  tolubllity  of  thtso 
rooka  when  oonaidertd  frota  tho  atan(4>olnt  of  dam  founda* 
ttona* 


Tba  aohlatoalty  of  tbeoo  ox^atolXina  rooka  appeara 

to  ba  roughly  parallel  to  the  original  bedding  of  these 

rooks*'  Thaea  roeko^  with  tho  exception  of  the  graenotonaf ' 

are  of  a type  tJmt  would  weathco:*  more  deeply  than  the  quarts 

mica  gnelssea  found  at  the  ?olnt  r^okcut  site  whtSi  contain^ 

aa  a rule,  more  quarts  although  there  are  one  or  ttro  10  or 

15  foot  layers  of  Uxe  quox'ta  jtiolca  at  the  aitea  being 

dlsouar.ad  whiob  contain  much  quartz  and  are  very  massive 

and  rest  stent  to  weathering*  They  show  up  beautifully  In 

the  cuts  of  th9  servlco  road  which  was  ooaq>letad  In  Bapteia- 

bcr,  1050,  to  the  big  B«nd  Bite* 

Dam  Slto  Ko«  22,  wliloh  it  la  understood  la  the 

fitnl  soleotlan  of  the  Cealgning  iTiglnecr  for  the  location 

of  the  80*OQllod  Big  Bend  Daa,'  lies  entirely  In  quartz 

mica  {pjolsa  of  varying  composition*  The  west  abuttaent  of 

this  dam  la  In  quartz  mica  gnelaa  and  approxlawtely  GO  feet 

« 

from  the  upatroaa  edge  of  a nasoiva  greenstone  layers  while 
the  east  abutmont  la  approximately  23  feet  from  the  upatreea 


Detailed  Studies  of  Narrow  Rldfie  on  which  East  Abutment 
of  Dam  Site  No»  22  la  Looatedt  The  looation  of  the  ! 

east  abutment  of  the  dam  la  of  considerable  Importanoe, 
as  this  abutment  is  located  on  a long,  narrow  ridge  throvigh 
which  leakage  will  undoubtedly  occur  from  the  reservoir 
formed  by  the  dam  into  the  river  below  unless  this  leakage 
is  taken  care  of  by  proper  engineering  practice*  Between 
this  east  abutment  and  the  top  of  the  narrow  ridge  which  | 

I i 

I occurs  on  this  side  of  the  river  at  Drill  Hole  No*  502  there 

I are  several  hundred  feet  of  rock  through  which  leakage  will 

occur,  as  the  water  table  in  this  ridge  between  the  abut- 

l 

I ment  and  to  within  a few  feet  of  Drill  Hole  No,  302  is  be-  | 

I low  the  elevation  of  the  proposed  reservoir  water  level*  I 

I Drill  Hole  No*  501,  put  down  on  the  top  of  the 

ridge  near  the  east  abutment  and  in  the  greenstone  above-  I 

referred  to,  had  a bottom  elevation  of  approximately  2510  | 

feet  and  no  water  remained  in  this  hole  although  it  was  | 

!! 

tested  continuously  throughout  the  entire  summer  and  fall  | 

of  1956  to  see  if  it  contained  water  at  any  time.  This 
greenstone  is  a dense  rook,  fractured  by  Jointing  produced 
through  the  folding  forces  to  which  all  of  these  rooks  have 
been  subjected* 

A cross  section  of  the  ridge  showing  this  hols 


and  eight  other  drill  holes  which  were  put  down  along  ths 
fipaat  of  this  rldco  la  attached,  whloh  ahowa  the  level  of 


Gorge  of  Dan  River 


Pfaoto  by  W.A.V 


Barrow  Rldgo  foralsg  Beall 
Abutaent  of  Paa  Sitoa  81 
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P 
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the  water  table  on  July  28,  1936,  on  August  17,  1936,  and 
on  September  21,  1936,  sAiLcb  later  date  was  the  date  on 
which  the  lowest  water  table  elevation  was  reached,  for'. 
In  October  the  water  table  started  to  rise  sll^tly. 

In  addition  to  the  water  table,  the  attached 
cross  section  shows  the  depth  to  hard  rock  and  the  depth 
of  soil  overburden* 

Nine  drill  holes  were  put  down  along  the  top 
of  this  ridge  as  It  was  known  that  the  geological  oondl- 
tlona  along  this  ridge  at  the  east  abutment  of  the  propo- 
sed daa  were  vary  poor*  It  should  bo  noted  that  the 
water  table  line,  given  on  July  28,  1936,  was  only  between 
Holes  Ho.  308  and  302*  From  Drill  Holes  No*  3G2  to  301 
no  data  was  available  on  the  top  of  the  water  table,  as 
on  that  date  the  top  of  the  water  table  was  below  the  bot- 
tom of  Hole  No*  301  and  below  elevation  2522  In  Hole  No* 
309,  which  was  as  deep  as  any  tests  could  be  made  In  that 
hole  on  that  date  as  the  lower  two  feet  of  this  hole  had 
caved  In*  The  reservoir  water  table  la  given  on  the 
attached  cross  section  at  2532  feet  above  sea  level*  Zf 
this  Is  the  elevation  used  idien  the  dam  la  constructed 
the  water  table  of  July  28  would  be  above  this  elevation, 
except  between  Drill  Holes  No*  502  and  the  east  abutment 
of  the  dam,  a distance  of  about  240  feet*  The  lowest 
water  table  obtained  to  date  was  on  September  21,  1936, 


at  which  time  this  water  table  parallels  the  water  table 
of  July  28  between  Drill  Holes  No,  302  and  306,  being  appro- 
ximately 6 to  10  feet  below  the  July  28  level.  No  water 
table  level  Is  given  on  the  September  date  for  Hole  No, 

300A,  which  lies  between  Drill  Holes  Nos,  306  end  308,  due 
to  the  fact  that  this  hole  evidently  caved  ' at  a depth  of 
77  feet  below  the  surf ace, or  at  an  elevation  of  2585  feet, 
but  In  Drill  Hole  No,  308  the  September  21  water  level  Is 
approximately  8 feet  lower  than  the  July  28  level*  As 
Hole  No,  300-A  caved  at  an  elevation  of  2585,  the  water 
table  In  this  hole  on  the  September  date  was  below  this 
elevation,  and  It  Is  estimated  it  was  on  the  September  date 
at  approximately  2578  feet  elevation  or  7 feet  below  the 
point  at  which  the  hole  caved.  The  Information  on  this 
hole  caving  was  obtained  from  Mr.  D,  J.  Shea,  Resident 
Engineer,  In  letter  dated  January  16,  1937, 

Attached  are  the  observations  made  under  the  di- 
rection of  the  i^nglneers  at  the  request  of  the  Consulting 
Geologist  on  the  water  l6'?el  In  the  drill  holes  on  the 
ridge  at  the  east  abutment  of  the  dam.  It  will  be  noted 
that,  throughout  the  entire  time  that  observations  were  made 
no  water  level  occurred  In  Holes  Nos,  301  and  309,  and 
that  from  August  1 to  August  5 no  observations  were  made  in 
Bole  No,  302,  and  that  after  August  17  no  water  wasfomd 
in  Holes  Nos,  300A  or  307,  The  B foot  drop  of  water 


ELKVATIOH  OP  \7/.T£R  IH  RIDOE  HOUiS 


Month  of  Jtay  1036 


HUB  LLLV. 

2662.0 

2013. 

3 2620.3 

2650.0 

• 

HOLB  HO. 
BATE 

300A 

301 

302 

300 

TIME 

RhUAiiKS 

21 

2606.1 

IIo(7ater  2659.0 

2566.5 

8t30  A.M. 

(Tihower  from  11 14} 

22 

2606.1 

a If 

2558.8 

2666.5 

8i 50  A.U. 

( to  1»00  -21 

23 

' 2586.2 

• 9 

2558.8 

2566. 4 

9:00  A.M. 

(Hard  rain  4:30- 

24 

2586.2 

n n 

2558.8 

2566.5 

9|00i:iA.U. 

(5:30r.U.  -23rd. 

26 

2586.5 

9 II 

2558.6 

2506.5 

8:30  A.M. 

27 

2586.4 

• • 

2558.5 

2566.5 

8:30  A.M. 

(40»-l  «e  60»  of 
(l9*  put  in  303 

28 

2586.3 

n ■ 

2558.8 

2586.5 

9:00  A.M. 

Oiard  Ruin  2j00- 

SO 

2585.9 

R N 

2553.8 

2566.4 

OtOO  A.M. 

(4:00  P.M.  -29th 

31 

2585.9 

9 9 

2558.8 

2566.5 

0:00  A.M. 

• 

Month  of  Au^Tuet  1936 

1 

2585.7 

• 9 

2558.0 

<^60.0 

9:00  n.M. 

3 

2585.7 

a 9 

• 

2566.0 

tii45 

(tester  tTould  not 
(go  by  53.5  In  332 

4 

2585.5 

9 

2566.9 

9:00  A.M. 

Ditto 

8 

2585.4 

II 

2566.0 

OfOO  A.M. 

(Hard  rain  11:45- 
( 12:45  P.M. 

6 

2585.3 

9 

2560.2 

2566.0 

10:00  A.M. 

Rain  3 to  4 P.M. 

7 

2585.2 

9 

2561.4 

2565.8 

9:00  A.M. 

Rain  3 to  7 p.a. 

8 

2585.2 

• 

2566.0 

8:30  A.M. 

to  10.00  A.M. 

10 

2585.0 

9 

' 2562.0 

2565.7 

9:45  A.M. 

Rain  12:30-5  P.M« 

U 

2584.8 

9 

2562.1 

2565.6 

9:46  A.M. 

12 

2564.8 

It 

2562.0 

2565.5 

9:15  A.M. 

13 

HoT'ater 

« 

2561.9 

2565.5 

llOO  P.M. 

14 

2534.6 

R 

2561.7 

2SCS.S 

9:00  A.M. 

15 

2584.6 

9 

2561.5 

2563.4 

Oils  A.M. 

(Hain»  slov  3:50 

(to  6i00  P.M. 

17 

2584.6 

9 

2662.0 

2565.2 

8:45  A.M. 

(Rain  ci-10  P.M. 
(AUg.  16. 

18 

Ho7.'ater 

9 

2661.9 

2565.2 

9:00  A.M. 

21 

« •» 

9 

2561.4 

25C4.9 

0:00  A.U. 

31 

. ■ « 

9 

2660.8 

2564.4 

8:45  A.U. 

Month  of  Septeiaber  1936 


HUB  ELLV. 

2662.0 

2613.3 

2620.3 

2650.0 

UCLE  HO. 

300A 

301 

302 

306 

TIME  RKUAHK& 

DATS 

1 

noVmtev 

QoVfator 

25C0.2 

2564.4 

8t00  P.U. 

2 

« 

« 

m 

n 

2560.3 

2564.3 

Q|45  A.a. 

7 

m 

■ m 

n 

2500.0 

2564.1 

8t46  A.M. 

14 

« 

H 

m 

fi 

2550.1 

2563.6 

OsOO  A.M. 

81 

■ 

' « 

m 

■ 

8558.3 

2663.3 

0|4B  A.M. 

8 

N 

«• 

II 

a 

Month 

a 

of  October  1936 

2559.9  2562.7 

• fi 

8|30  A.M. (Heavy  ilalns 

It 

It 

N 

a 

a 

2559.8 

2562.2 

(Sept.  29  U 30. 
8t30  A.U.(naln  7,  8 & 0. 

19 

n 

» 

a 

a 

2563.1 

2562.0 

8t30  A.M. (Heavy  Haln  16th 

26 

H 

' • 

a 

a 

2561.9 

2561.7 

(Ughc  Haln  17th 

Bt45  A.M. 

KLEVATIOH  OP  T?ATliR  IW  RIDQIi:  llOriliS  (COnT»D) 


Month  of  July  1056 


HUB  ELLV. 

263S.0 

8654.7 

2616.0 

Tjias 

HEMAiUrS 

HOLE  NO. 
DATE 

307 

308 

909 

81 

2537.0 

8673.1 

BO  tvater 

8t30 

A.U. 

309  Caved  at  2520.  ( 

88 

8530 .9 

8572.9 

n N 

8|30 

A.M. 

309  Caved  at  8520. ( 
(Shower  frota  11.45* 
(1x00  on  2l8t. 

89 

2636.8 

2572.9 

• n 

OtOO 

A.M. 

309  Caved  at  2522.C 

84 

2536.0 

2573.1 

H tt 

9x00 

A.M. 

309  Caved  at  2522.C 
(nerd  Rain  2 - 4-23 

89 

2536.8 

2572.4 

« a 

8tS0 

A.TI. 

87 

2636.7 

2572.4 

H « 

8x30 

A .III. 

28 

2536.7 

2578.4 

« n 

« 

9x00 

A.M. 

(Hard  Rain  8 to  4 oc 
(July  29. 

90 

2636.6 

2571.9 

ft  II 

9x00 

A.M. 

91 

8536.7 

8578.8 

M 11 

0x00 

A.M. 

. 

Month  of  Aut;nBt  1956 


1 

2536.0 

2671.9 

tt  m 

0x00 

A.U. 

9 

8536.0 

2571.9 

• e 

8t45 

A.U* 

(Teator  wou 

4 

8636.0 

2571.8 

N tt 

OiOO 

A.M. 

8 

8635.9 

2571.8 

M • 

OtOOA.U. 

(Hard  Rain  11x45  to 

(12.45  P.M* 

6 

2535.8 

2571.8 

V e 

10x00 

A.U. 

Kaln  8*4  P.M. 

7 

8535.8 

8571.2 

n e 

9x00 

A.U. 

(Slow  Rain  3 to  7 PU 

8 

8535.7 

2571.4 

e n 

8x30 

A.U. 

Uo  10:00  A.U.-8tb 

10 

8535.7 

2571.4 

m ■ 

9|45 

A.U. 

Rain  12|  30-5: 00P.M. 

U 

2535.0 

2571.1 

• e 

9t49 

A.U. 

18 

8034.9 

2571.1 

N m 

Oslo 

A.U. 

19 

2535.1 

2671.0 

m ■ 

IlOO 

P.M. 

14 

2535.1 

2571.1 

m • 

OtOO 

A.U. 

15 

8654.6 

2570.8 

a • 

Otis 

A.U. 

(Raln^  alow  StSO* 
(6x00  P.M* 

17 

8834.7 

2570.4 

It  H 

8f4S 

A.U. 

Rain  8-10  P.M.  16th 

18 

rater 

Past 

Tape 

C570.5 

It  II 

OiOO 

A.U. 

81 

Below 

iioOO.tt 

A 

9x00 

A.U. 

91 

Teeter 

KoVfeter 

2567.8 

• m 

8|45 

A.U. 

Month  of  Bepteraber  1036 


HDB  £LEV* 

2635.0 

2654*7 

26X6*0 

TIME 

|{KilAKXS 

ROLE  NO* 
DATS 

307 

308 

300 

X 

No^ater 

2567*4 

No  t;ator 

8l00  P*U* 

a 

n « 

2567.6 

M It 

0|45  A*M* 

7 

V ' ft 

2566*5 

H N 

8145  A*U* 

14 

» • 

2565*4 

N tt 

OiOO  A.U* 

ex 

V « 

2565*0 

It  It 

Ot45  A*M* 

Month  of  Ootobor  1936 


' 8 

tt  ft 

2564*6 

It 

• 

bl30  A.M. 

<Boavy  Holns  Sept* 
(29  & 30* 

X8 

tt  - tt 

2563*7 

n 

It 

BiSO  A*ll* 

Rain  7»  8 and  0* 

10 

It  tt 

2564*3 

n 

a 

8|50  A.U* 

Heavy  rain  Oct*  16 

26 

tt  tt 

2563*5 

tt 

n 

8t4S  A.U* 

Libht  rain  Oot*  17 

which  was  the  average  lowering  In  the  water  table  from 
July  28  to  September  21  would  carry  the  water  table 

• 

to  Just  below  the  bogtom  of  H ole  So.  307,  and  would  carry 
it  below  the  elevation  of  2532,  which  it  is  under atocd  is 
the  proposed  water  level  of  the  reservoir*  TUs  would 
meon  that  special  attention  should  also  be  paid  to  stop- 
ping reservoir  leakage  around  Drill  Hole  Wo,  307* 

It  should  be  noted  that  a particularly  soft  layer 
of  gneiss  containing  a certain  amount  of  aerleite  occurring 
at  Drill  Hole  302  is  responsible  for  the  deep  overburden  at 
this  point,  and  that  the  layer  of  greenstone  starting  at 
Drill  Hole  Ho*  300  and  extending  down  the  ridge  approximate- 
ly 115  leet  shows  very  little  weathering  compared  to  the 
weathering  of  the  gneisslo  layers.  It  shoxild  also  be 
noted  that  the  greenstone  occurring  at  this  point,  where 
the  ridge  is  very  narrow,  is  badly  fractured  end  that  the 
water  table  drops  to  an  unknown  depth  in  this  rook.  It 
is  a type  of  rook  which  crui  bp  grouted  easily. 

It  should  also  be  noted  that  where  a similar  green- 
stone ledge  occurs  where  the  ridge  is  wide  at  Drill  Role  No* 
308  that  the  water  table  is  found  to  occur  at  a satisfactory 
level. 

The  fact  that  the  sohistosity  of  all  of  these  rook 
layers  extends  at  right  angles  across  the  narrow  part  of 
the  ridge  makes  a bad  geological  condition,  as  leakage  will 


occur  along  the  weathered  planes  of  schietOBity  which  cut 
aoroBB  the  narrow  part  of  the  ridge  at  almost  a right 

angle. 

The  resulta  of  the  core  drilling  of  this  ridge 
shows  that  between  Drill  Hole  No.  302  and  the  east  abut« 
ment  of  the  proposed  dam  site  there  Is  a stretch  of  rook 
partly  greenstone  and  partly  gneiss  of  varying  composition 
throvigh  which  leakage  will  occur^  but  it  is  considered 
that  this  leakage  can  be  stopped  by  proper  engineering 
praotioe.  This  is  a distance  of  approximately  240  feet. 
Throvighout  most  of  the  remainder  of  this  distance  the  top 
of  the  water  table,  which  is  only  based  on  records  kept 
for  several  months  since  these  drill  holes  were  completed, 
is  above  the  top  of  the  proposed  reservoir  to  be  formed 
by  the  building  of  the  proposed  dam. 

Normal  Fault  in  Big  Bend  Dam  Site  Areat  A normal  fault 
occurs  on  the  west  aide  of  the  ridge  which  forma  the  west 
abutment  to  Dam  Sites  Nos*  21  and  22.  It  is  exposed  at 
Station  220*50  on  the  service  road  Into  this  dam  site  area, 
where  this  normal  fault  cuts  off  part  of  the  greenstone 
layer  which  crosses  the  river  a few  feet  down  stream  from 
^ Dam  Sites  Nos.  21  and  22.  This  fault  expends  along  the 
west  side  of  the  ridge  in  a direction  H.  6^  W.,  so  it  does 
not  out  into  the  reservoir  area  or  the  Dam  Sites  Nos.  21 


hecommendatiohs 


! 


Point  Lookout  Dam  Slid  No«  17 

From  a geological  standpoint  Dam  Site  Ko*  17 ^ 
the  final  location  made  by  the  Designing  Engineer,  it 
approved,  with  the  imder standing  that,  due  to  the  fact 
that  no  core  drilling  has  been  done  on  the  upstream  side 
of  this  dam  site  and,  further,  due  to  the  fact  that  the 
west  abutment  and  port  of  the  west  side  of  the  arc  of 
this  dam  is  located  on  the  edge  of  the  rook  slide  from 
Point  Lookout,  it  Is  Impossible  to  determine  acctirately 
the  depth  to  solid  rook*  No  sub-siirfaoe  oontotirs  to 
solid  rock  could  be  drawn  at  this  point  as  such  would  be 
purely  hypothetical*  It  is  estimated  that  at  least 
35  feet  of  overburden  and  weathered  rook  will  be  found 
on  part  of  the  west  side  of  the  arc  of  Dam  No*  17* 

It  Is  also  estimated  from  geological  oondl- 
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tioi-^s  that  lines  of  weathering  parallel  to  the  planes  of 
sohlstoslty  will  extend  down  to  an  elevation  of  2070  feet 
above  sea  level  at  places  on  the  west  side  of  the  arc  of 
this  dam,  so  that  grouting  should  be  done  to  at  least 
this  depth* 

Although  from  g geological  standpoint  Dam  Sits 
No*  10  la  considered  best,  the  site  selected -by  ths  . 
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DeBlgnln^i  £ngin«er.  Dam  Slta  No*  Vf,  la  approved  from  a 
geological  ataxidpolnt'vith  the  underatandlng  that  oonald- 
erable  grouting  will  have  to  be  done  and  that  oonaiderable 
overburden  will  be  found  on  part  of  the  weat  aro  of  thia 
dam  aite* 

Big  Bend  Dam  Site  Ho*  22 

Bither  Dam  Site  Ho*  SI  or  22  is  approved  from 
a geological  atandpoint  with  the  underatanding  that  the 
provisiona  which  are  outlined  below  will  be  followed  by 
the  Englneera* 

After  the  dam  is  built  at  or  approxitnatoly  at 
location  HO*  21  or  22  and  after  the  leakage  which  will 
occur  between  the  east  abutment  and  Drill  Hole  Ho*  302,  a 
diatanoe  of  approximately  240  feet,  haa  been  taken  oare 
of  by  proper  engineering  practice* it  ia  reconanended  that 
the  reaervoir  be  filled  ao  that  it  oan  be  determined  Juat 
where  any  minor  leakage  may  occur  through  the  remainder 
of  the  ridge  on  the  eaat  aide  of  the  dam  back  of  Drill 
Hole  Ho*  302^  and  when  the  location  of  auoh  leakage  ia 
determined  that  the  water  level  of  the  reaervoir  be  low* 
ered  and  that  thia  leakage  be  atopped  by  grouting  that 
part  of  the  ridge  where  the  leakage  occurred*  Data 
obtained  through  the  aummer  and  early  fall  of  1036  on  the 
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water  table  on  thla  rld^e  abovs  thut  this  enter  teble  Is  ^ 
practically  ut  tb«  elevation  of  the  top  of  the  proposed 
reservoir  level  or  above  It  tbrou{^out  the  reaaindcr  of 
the  ridge,  if  the  reservoir  level  is  at  eS22  feet  above 
sea  level*  At  Orill  Hole  Ho*  307  the  water  table  was 
below  the  proposed  reservoir  level  during  the  latter  part 
of  Axiguat,  and  the  months  of  September  and  Ootober* 

Leahage  oan,  therefore,  be  expeoted  throu,^  the  ridge  at 
thie  point,  which  leakage  oan  be  etbpped  in  the  manner 
suggested  above* 

Althoxigh  from  a geologleol  standpoint  it  is 
eonsidered  that  the  site  betvfen  SOO  and  250  feet  down* 
stream  from  sites  Hoe*  21  and  23  is  best,  the  sites 
selooted  by  the  Ceoigning  i^glneer,  that  Is  Sites  Hos* 

21  and  22,  ore  approved  from  a geological  stnndooint 
provided  the  reocmaeodatione  made  above  are  followed* 

iiespeotfxilly  submitted, 

Vilbur  A*  Helson, 

Consulting  Geologist* 


Jenusry,  1957* 
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DNDEKMATER  INSPECTION,  REPORT 


LOGAN  DIVING.  INC. 

5731  ST.  AUGUSTINE.  ROAD  . CODE  904  731-0000 
JACKSONVILLE.  FLORIDA  32207 


UNDERUATER  INSPECTION 
TALBOTT  5 TOIVNES  DANIS 
FOR 

CITY  OF  D-AMTLLE,  VA. 
APRIL  4 f,  5,  1978 


An  undenvater  inspection  of  the  Talbott  and  Tomes  Dajiis,  also 
knoMi  as  the  Pinnacles  Hydro-Electric  Development,  was  requested 
and  pcrfoniied  as  part  of  a periodic  general  preventive  maintenance 
progirim  instituted  by  the  Danville  Electric  Department. 

Tlie  work  was  coordinated  by  Messrs.  Eldred  C.  Yerks,  H.  E.  Cole, 
and  Cl)a\e  Willis  of  the  Danville  Electric  Department.  Their  efforts 
included  scheduling  of  pcrsoimel  and  materials  to  effect  repairs 
anticipated  to  a 6"  by-pass  valve  at  the  Talbott  Dam  and  I'eplacement 
of  a lifting  cable  for  the  trash  rack  at  Tomes  Dam;  provide  personnel 
to  operate  various  valves  and  winches  at  both  dams;  coordinate  water 
flow  outages;  provide  safety  liaison  witli  Logan  Diving,  Inc.;  and 
general  coordination  of  the  overall  project. 

Logan  Diving,  Inc.  wis  represented  by  Jack  S.  Mixer,  Jolm  Redon 
and  Thomas  E.  Tliurston,  Tlicir  responsibilities  w'ero  to  inspect  the 
upstream  intake  structures  and  appurtenances  and  downstream  dam  toes 
and  footings. 
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The  following  procedure  was  followed  at  both  dams  prior  to 
commencement  of  diving  operations: 

1. )  Conference  with  the  Danville  project  coordinators 

to  detail  inspection  procedure,  safety  measures 
and  exchange  of  other  information. 

2. )  Physical  operation  of  all  gates  and  valves  by 

Danville  personnel  in  the  presence  of  Logan 
representative  to  assure  their  good  operation  and 
to  determine  the  extent  of  any  leakage. 

3. )  Inspection  of  tlie  dowiistreajii  side  of  the  dam  by 

Logaji  for  imdemiining,  spalling  concrete,  leakage 
and  other  deleterious  conditions. 

4. )  GrovD\dlinc  soundings  aiid  measurements  by  Logan  on 

the  upstreajn  side  of  the  dams  in  the  vicinity  of 
the  intake. 

5. )  Set  up  and  testing  of  diving  equipment  before  each 

dive  and  after  all  flow  valves  had  been  closed. 
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TAI^BOTT  DAM 


DOIVNSTREAM  ARE./VS  INSPECTED 


Footing,  stilling  basin,  drain  holes  in  stilling  basin  wall, 
construction  joints,  discharge  pipes,  concrete  deterioration. 

DOU’NSTRE'\M  FINDINGS 


A. )  Two  stilling  basin  w'all  drain  holes  were  clogged  with  gravel 

and  debris.  Both  drains  were  opened  during  the  inspection. 

B. )  Two  oi  tlie  6”  i discharge  pines  had  blockages  which  prevented 

total  h'  free  water  flo\v\  These  blockages  \vere  not  removed 
though  minor  attempts  w'ere  made,  lliis  problem  was  not  deemed 
significant  enough  to  warrajit  extensive  effort  for  removal 
and  has  existed  for  many  years. 

UPSTREAM  ARTAS  INSPECTION 


Gate  guides,  gate  cable,  groundline  build-up  concrete  deterioration. 


trashrack,  trashrack  guides  and  supports. 


UPSTRFAM  FINDINGS 


In  all  regards  the  upstream  portion  was  found  to  be  in  good 
condition  with  the  one  exception  of  extensive  groundline  build-up 
in  front  of  the  trash  rack  wliich  is  restricting  water  flovv  and 
placing  pressure  against  the  trash  rack  when  the  gate  is  open. 

(See  drawing  for  details) 

The  groundline  materials  are  a composite  of  silt,  trash, 
sticks  and  tree  stumps  accumulated  since  the  time,  of  construction. 

At  the  conclusion  of  the  inspection,  the  gate  was  opened 
and  the  cable  clcarlv  marked  to  indicate  the  ooen  position. 
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TOVNnS  D.-\M 

DOIVNSTREAM  AREAS  INSPECTED 


Footing,  spillway  apron  footing  for  undermining,  construction 
joints,  concrete  deterioration  and  general  condition. 

DOWNSTREAM  FINDINGS 

No  defects  were  found. 

UPSTRLiXM  AREVS  INSPECTED 

Trasli  rack  sjuides.  trash  rack,  s^roundlinc  build-up  concrete 
deterioration.  Specific  attention  was  «iven  to  the  deteriorated 
and  broken  lifting  cable,  single  wheel  block  and  trash  rack  lifting 
eye . 

UPSIEE/VM  FINDINGS 

No  significant  defects  were  found  with  the  single  exception  of 
the  broken  lifting  cable  and  corroded  block. 

Divers  removed  the  old  block  and  cable  and  attached  the  new  block 
and  cable  furnished  by  Danville. 

The  new  block  was  placed  through  the  trash  rack  lifting  eye  and 
wired  in  position  with  approximate  No.  9 copper  wire. 

Tension  on  the  now  stainless  steel  was  pulled  to  remove  all  slack 


and  the  cable  clearly  marked  in  the  closed  trash  rack  position  at  the 
operating  floor  with  red  paint. 
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Rust  blisters  were  observed  on  the  trash  rack  guides  which 
poses  no  structural  problem  at  this  time.  However,  diver  should 
scrape  and  clean  the  guides  before  lifting  of  the  trash  rack  to 
prevent  any  binding  of  the  rack  in  the  guides,  (see  drawing  for 
groundline  details) 
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RECar^ENDATIONS  FOR  TALBOriT  DAM 


( 


The  most  significant  problem  is  the  heavy  amount  of  silt  and 
debris  accumulated  against  the  trash  racks.  Although  this  condition 
presents  no  imminent  danger  because  of  the  structures  good  condition, 
it  does  restrict  water  flow  and  place  undue  stress  on  the  trash  racks 
supports , 

Should  this  groundline  build-up  cause  the  trash  rack  to  fail, 
the  corrective  cost,  possible  long  term  outage,  and  associated  problems 
would  be  excessive. 

We  strongly  recommend  e.xcavation  of  the  groundline  in  front  of  the 
trash  rack  to  allow  full  flow  of  water  through  the  trash  rack. 

This  work  would  require  careful  coordination  with  plant  operations, 
careful  excavation  to  avoid  snagging  the  trash  rack  or  structure  which 
could  cause  damage  and  divers  to  monitor  the  work. 

Our  firm  is  designing  a procedure  and  quotation  for  performance  of 
this  work. 

Although  the  two  clogged  discliarge  pipes  are  not  a serious  problem 
at  this  time,  they  should  be  checked  periodically  (semi-annual)  to  see 
if  additional  pipes  become  closed  which  would  warrant  the  cost  of 
correction. 

We  also  recommend  semi-annual  opening  and  closing  of  the  head  gate 
and  downstream  valves  to  assure  their  continued  functions. 
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RETOENDATIONS  FOR  TaVNF.S  DAM 


Following  replacement  of  the  trash  rack  lifting  cable,  we 
believe  the  system  to  be  in  good  condition. 

We  do  recommend  cleaning  of  the  trash  rack  guides  prior  to 
any  needs  to  raise  and  lower  the  trasli  rack. 

We  also  recommend  semi-annual  operation  of  doivnstream  valve 
to  assure  to  continued  functions. 
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PART  I 


SPECIFICATION 

for 

POINT  LOOKOUT  DAM 


! •.  I.  GI2IERAL 

(a)  Purpose 

These  specifications  and  accompanying  contract  docximents,  includ- 
ing the  drawings  and  schedules  are  intended  to  -cover  the  clearing  of  the 
I Point  Lookout  Reservoir  and  the  building  of  the  Point  Lookout  Dan,  v^hich 

is  part  of  the  Pinnacles  Hydro-Electric  Project.  The  Contractor  shall 
do  all  of  the  work  indicated  in  these  specifications  and  on  the  plans 
and  such  additional  work  as  may  be  necessary  to  complete  the  dam  and 
appurtenances  in  a substantial  and  acceptable  manner  and  leave  the  work 
in  a neat  and  finished  condition. 

(b)  Description 

The  Point  Lookout  Dan  will  be  constructed  across  the  Dan  River 
about  475  feet  bolov/  its  confluence  with  Round  Meadow  Creek.  The  dam  is 
located  about  4 miles  south  of  Meadows  of  Dan  in  Patrick  County,  Virginia. 
Meadows  of  Dan  is  16  miles  west  on  Route  58  from  Stuart,  Virginia,  the 
terminal  of  the  Danville  eind  Western  Railv/ay,  and  34  miles  East  on  Route 
58  from  Galax,  Virginia,  on  the  Norfolk  & Western  Railway,  Both  railroads 
have  storage  tracks  and  unloading  space  which  can  be  made  available  to 
I the  Contractors . 

From  Meadov/s  of  Dan  an  improved  road  leads  on  an  easy  grade  to 
the  top  of  the  gorge  of  the  Don  River,  from  which  a macadam  surfaced  road 
leads  into  the  gorge,  on  a \.Z%  grade  a distance  of  about  4000  feot  to 
the  dam  site. 

The  -vvldth  of  the  Dan  River  at  the  dam  site  is  about  50  feot  and 
the  depth  about  18  inches.  The  average  flow  is  approximately  85  second 
feet  and  the  estimated  maximum  monthly  flow  in  the  past  15  years  has  been 
about  500  second  feot,  the  flood  water  oc curing  either  in  the  Spring  or 
in  the  Fall  of  the  year.  It  is  believed  that  a small  coffer  dam  and  flume 
leading  across  the  dam  site  would  be  sufficient  to  vunvater  the  site  pre- 
liminary to  excavating  for  the  foundation. 

► 

The  dam  is  a massive  concrete  arch  dam  built  in  sections,  or 
blocks  about  40  feot  long.  The  dam  is  about  ISO  ft,  high  and  573  ft.  long. 

The  intake  will  be  built  in  the  center  of  one  of  these  blocks 
and  consists  of  a 72"  steel  pipe  through  the  dam  controllod  by  an  elec- 
trically operated  Dow  typo  butterfly  valve.  On  tho  upstream  side  of  the 
intake,  a removable  screen  ^vill  bo  provided,  controllod  by  on  electrical 
hoist  in  a gate  house,  located  at  the  crest  of  the  dam.  A similar  houso 
r is  located  symotrically  about  tho  center  lino  of  tho  spillway.  At  tho 


2 


do;vn-strcain  sido  of  tho  intake  a valve  house  is  to  be  built  to  house  the 
butterfly  valvo  and  its  operating  mochanism.  At  tho  crest  of  tho  dam 
a walkway  is  provided  with  stainrays  at  each  abutment. 

(c)  Vicinity  lte.p 

The  attached  print  shows  a general  location  of  the  project,  of 
tho  roads  leading  to  it,  and  diagramatically,  the  general  scope  of  the 
work. 


(d)  Construction  Camp  Facilities 

The  City  operates  a Construction  Camp  near  the  site  of  the  vrork 
and  is  prepared  to  furnish  food  and  lodging  to  tho  Contractor’s  men  at 
nominal  rates  per  man  day  as  approved  by  the  RVA  Resident  Engineer  In- 
spector, but  not  to  exceed  $1,00  per  day  per  mem. 

The  City  will  also  furnish  office  space  for  the  Contractor  in- 
cluding light  and  heat  at  a rate  not  to  exceed  $ .10  per  square  foot  per 
month. 

II.  DRAWINGS 


The  follo^Ting  general  drawings  are  a part  of  these  specifications 
and  contract; 


Dra;ying  No. 


Title 


1257-601 

1257-602 

1257-603 

1257-604 

1257-605 

1257-606 

1257-607 

1257-608 

1257-609 

1257-610 

1257-611 

1257-612 

1257-613 

1257-614 

1257-615 

1257-616 

1257-617 


General  Plan 

Block  1 - Platforms 

Block  1 Section  7 - Sluiceway 

Block  5 - Valve  House 

Blocks  549,  Valve,  Gate  & Tool  Houses 

Blocks  5,  6,  7,  8 & 9-  Spillway 

Block  13  Platform  - Instrument  Pier 

Vertical  Construction  Joints 

Diamond  Drill  Core  Borings 

Blocks  1,9,  13  Reinforced  Concrete  Details 

Blocks  4, 5, 6, 7,  49"  ” " 

Excavation,  Grouting  4 Grading 

Steel  4 Iron  Work 

Blocks  1 to  9 - Electrical  Work 

Blocks  1 to  9 - " " 

Deflection  Measurement  Apparatus 
Deflection  and  Temperature  Stations, 
Location  of  Constiniction  Joints 


These  drawings  show  the  approximate  dimensions  and  shape  of  tho 
dam  and  related  structures  and  tho  general  arrangement  of  all  features. 
Such  additional  dravdngs  as  may  be  required  for  tho  details  of  tho  vrork 
will  bo  furnished  to  the  Contractor  as  required.  Tho  Contractor  will 
not  be  held  responsible  for  the  correctness  or  sufficiency  of  the  designs. 
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trees,  bushes  and  other  perishable  matter.  Trees  shall  be  cut  off  not 
higher  than  18  inches  above  the  ground.  All  material  so  removed  shall 
bo  piled  in  windrows  and  burned.  The  burning  shall  bo  done  at  such 
time  and  in  such  manner  as  may  be  required  by  the  Engineer.  Any  avail- 
able timber  within  the  area  to  be  flooded  by  the  reservoir  may  be  cut 
and  used  by  the  Contractor  for  construction  purposes. 

(b)  Measurement  and  Payment 


Measurement  and  payment  for  reservoir  clearing  shall  be  made  on 
the  unit  prices  bid  in  tho  schedule.  It  is  stipulated  and  agreed  that 
the  planinoter  shall  be  considered  an  instrument  of  precision  adapted 
to  the  measurement  of  cleared  areas. 

VII.  EXCAVATION 

(a)  Classification 

Except  as  othervri.se  provided  in  these  specifications,  all  material 
removed  from  excavation  will  be  measured  in  excavation  only  to  the  neat 
lines  shown  on  tho  drawings  or  proscribed  by  the  Engineer  and  will  be 
classified  as  follows; 


Rock  Excavation 


All  solid  rock  in  place  which  cannot  be  removed  until  loosened  by  blast- 
ing, barring  or  vredging,  and  all  boulders  or  detached  pieces  of  solid 
rock  more  than  l/Z  cubic  yard  in  volume.  No  material  except  boulders 
and  detached  pieces  of  solid  rock  will  be  classed  as  rock  excavation 
which  is  not  actually  loosened  by  blasting  before  removal,  unless  blast- 
ing is  prohibited,  and  barring,  wedging  or  similar  methods  are  prescribed 
by  tho  Engineer. 

Disintegrated  Rock 

All  disintegrated  and  loose  rock  which  can  bo  efficiently  removed 
by  excavating  machinery  and  without  blasting. 

Earth  Excavation 

All  soft  overburden  not  including  disintegrated  rock  which  can 
be  removed  by  sluicing  or  vrith  excavating  machinery. 

No  additional  allowance  over  the  unit  prices  bid  for  excavation 
will  be  made  on  account  of  any  of  the  material  being  wet  or  frozen. 

(b)  Blasting 

Blasting  will  bo  permitted  only  when  proper  precautions  are 
taken  for  the  protection  of  persons,  the  work  and  private  property  and 
any  damage  done  to  tho  work  or  to  property  shall  be  repaired  by  the 
Contractor  at  tho  Contractor's  expense.  Exploders  shall  in  no  case  bo 
stored,  transported  or  kept  in  tho  some  place  in  which  dynamite  or  other 
explosives  are  stored,  transported  or  kept.  In  general  the  precautions 
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taken  to  prevent  accidents  shall  be  subject  to  the  approval  of  the  Engi- 
noor,  but  the  Contractor  shall  be  liable  for  all  injurios  to,  or  death 
of  persons,  or  danage  to  property  caused  by  blasting  or  explosives. 
Electric  blasting  machines  shall  be  used  on  all  work, 

(o)  Excavation  for  Foundations 

The  excavation  for  the  dam  foundations  shall  be  made  to  a suf- 
ficient depth  to  secure  foundation  on  sound  ledge  rock,  free  from  open 
seams  or  other  objectionable  features.  Unusual  precaution  shall  bo  taken 
to  preserve  the  rook  outside  of  the  line  of  excavation  in  the  soundest 
possible  condition.  Blasting  may  be  done  only  to  the  extent  directed  by 
the  Engineer  vd.th  explosives  of  such  moderate  po’ver  and  in  such  locations 
as  will  neither  crack  nor  damage  the  rock  outside  of  the  prescribed  exca- 
vation limits.  V/henevor  in  the  opinion  of  the  Engineer,  blasting  is 
likely  to  injure  the  rock  upon  or  across  which  concrete  is  to  be  placed, 
the  use  of  explosives  shall  be  discontinued  and  the  excavation  completed 
by  wedging,  barring  and  picking,  or  other  suitable  methods.  The  excava- 
tion shall  be  roughly  shaped,  as  directed  by  the  Engineer  to  approximately 
horizontal  steps,  at  least  5 feet  high  and  separated  by  approximately 
vertical  radial  planes.  Special  care  shall  be  taken  in  excavating  these 
stops  to  avoid  shattering  or  damaging  the  adjacent  rock. 

(d)  Limits  of  Foundation  Excavation 

Earth  and  loose  rock  shall  be  excavated  on  the  steepest  practical 
slopes  ivith  the  following  modification.  Whore  soft  overburden  is  en- 
countered the  slopes  shall  not  bo  less  than  1j1  and  the  toe  of  the  slopes 
shall  not  be  less  than  30"  from  the  beginning  of  the  rock  cut.  Where 
rock  is  encountered  the  slopes  shall  not  be  loss  than  l/4;l.  Solid  rock 
shall  be  excavated  as  close  as  practical  to  the  neat  lines  of  the  struc- 
ture, except  for  the  protection  of  the  upstream  face  of  the  dam  the  min- 
imum excavation  shall  consist  of  an  8 ft,  ledge  along  the  entire  face 
of  tho  dam. 

The  dravidngs  refer  to,  and  show  "sound  rock"  contours  and  eleva- 
tions determined  from  diamond  drill  core  borings.  These  contours  and 
elevations  were  used  in  tho  design  of  tho  dam,  Tho  actual  sound  rock 
elevation  v^ill  be  determined  by  the  Engineer  after  on  inspectioia  of 
excavation.  If  the  approved  sound  rock  elevation  so  determined  differs 
more  than  5 ft.  from  the  sound  rock  elevation  and  contours  shown  on  the 
contract  drawings  it  may  bo  necessary  to  redesign  the  dam.  The  Contractor 
shall  have  no  right  for  claims  due  to  delay  that  may  be  necessary  to  make 
changes  in  the  design. 

(o)  Disposal  of  Materials 

At  the  upstream  face  of  the  dam  no  excavated  material  shall  be 
disposed  of  in  a distance  of  500  ft.  and  tho  trench  along  tho  upstream 
face  shall  not  be  backfilled.  At  tho  downstrooai  side  of  tho  dam  backfill 
shall  bo  provided  and  grading  shall  bo  done  in  accordance  with  the  draw- 
ings . 
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Excavated  material  not  used  foJr  backfill  shall  bo  disposed  of 
in  a manner  and  at  locations  approved  by  the  Engineer.  All  spoil  banks 
shall  be  located  where  they  will  not  interfere  with  the  natural  flov/^  of 
the  river  or  \vith  the  discharge  from  the  spillway.  Spoil  banks  shall 
be  located  where  they  will  not  detract  from  the  appearance  of  the  struc- 
ture or  interfere  with  the  accessibility  of  the  structure  for  operation. 
Spoil  bonks  shall  be  leveled  and  trimmed  to  reasonably  regular  lines  and 
the  Contractor  shall  not  be  entitled  to  any  additional  compensation  on 
account  of  such  refinement.  All  combustible  material  such  as  trees,  logs, 
brush  or  roots  required  to  be  removed  from  the  excavation  for  the  dam 
or  other  works,  or  from  the  sites  of  the  spoil  banks  or  othenrdse  shall 
be  piled  and  burned  under  the  direction  of  the  Engineer.  The  cost  of 
disposing  of  all  excavated  material  that  is  wasted  and  all  other  work 
described  in  this  paragraph  shall  be  included  in  the  price  bid  in  the 
ihedulo  for  excavation. 

In  general  the  manner  of  disposing  of  materials  is  indicated 
on  drawing  1257-612,  v/hich  shows  two  spoil  banl'cs  on  either  side  of  the 
river  extending  from  the  doivnstream  face  of  the  dam  a distance  of  approx- 
imately 300  ft.  downstream. 

The  top  of  these  spoil  banks  is  at  elevation  2145.  and  the  toes 
of  the  banks  are  40  ft,  apart  on  either  side  of  the  river,  leaving  a 
straight  channel  for  water  passing  over  the  spillway. 

(f ) Measurement  and  Payment 

Measurement  and  payment  will  be  made  to  the  prescribed  neat 
linos  of  the  excavation  and  at  the  unit  prices  bid  in  the  schedule.  Back- 
fill will  be  measured  for  payment  in  place  and  paid  for  at  the  price 
bid  in  the  schedule.  Any  excavation  outside  of  the  limits  prescribed 
which  is  required  to  be  backfilled  shall  be  done  by  and  at  the  expense 
of  the  Contractor. 

VIII,  FOUHDATION  PREPARATION 

(a)  Description 

After  the  sound  rock  elevation  has  been  determined  and  the  min- 
imum excavation  required  on  the  upstream  face  of  the  dam  has  been  completed 
the  base  rock  shall  bo  prepared  for  tho  building  of  the  dam. 

The  surface  of  the  rock  shall  be  left  rough  so  as  to  bond  well 
with  the  concrete,  and  whore  necessary  shall  bo  cut  to  rough  benches  or 
steps  as  directed  by  the  Engineer  to  secure  tho  required  roughness.  Care 
must  be  taken  not  to  shatter  or  disturb  rook  foundations  unnecessarily. 

All  loose  fragments,  dirt  and  spalls  must  bo  removed  from  tho  rock  sur- 
face before  concroto  is  poured.  Wire  brooms,  haramors,  picks  or  streams 
of  water,  air  or  stoom  or  other  effective  means  shall  bo  used  to  clean 
tho  foundation. 


( b ) Grouting  Base  Rock 

The  base  rock  undorncath  the  dtun  shall  be  prepared  by  thorough 
cement  grouting.  The  purpose  of  this  grout  is  to  provide  a water  tight 
curtain  belovr  the  dajn  along  its  upstream  face  and  also  to  provide  a uni- 
form and  consolidated  foundation  for  the  dam.  Vfiiile  the  general  scheme 
of  grouting  to  bo  employed  is  shovm  on  the  drawings,  the  depth  and  loca- 
tion of  borings  is  illustrative  only,  and  may  bo  different  when  the 
excavation  is  made  and  tho  exploration  holes  are  drilled. 

Approximately  10^  of  the  total  number  of  grout  holes  shall  be 
drilled  v/ith  diamond  core  drills,  l-l/2"  core.  The  location  of  these 
exploration  holes  ’.vill  be  determined  by  tho  Engineer,  and  tho  record  of 
the  holes  and  tho  coros  shall  be  kept  and  tlie  cores  properly  preserved. 
Each  of  tho  diamond  drill  borings  shall  extend  a minimum  of  30  feet  below 
the  sound  rock  elevation  and  if  the  last  10  feet  of  tho  hole  does  not 
establish  a satisfactory  rock,  the  hole  shall  be  extended  up  to  a depth 
of  50  foot. 

After  a study  of  the  coros  of  the  exploration  holes  has  been 
made,  grout  holes  shall  be  drilled  to  such  depth  as  the  Engineer  may 
determine.  All  grout  holes  shall  be  drilled  vn.th  jack  liammers,  or  by 
any  other  method,  and  shall  have  a minimum  diameter  of  1-1/2". 

Iminediatoly  preceding  grouting,  each  hole  shall  be  thoroughly 
cleaned  by  lov<oring  a 1 inch  pipe  to  the  bottom  of  tho  hole  and  pumping 
water  through  the  pipe  until  a uniform  flow  of  clean  water  is  returned 
from  the  hole.  After  such  flow  is  established  the  pumping  of  ^'rater  shall 
be  continued  at  least  15  minutes,  at  the  end  of  which  tine  the  hole  shall 
bo  dried  mth  compressed  air,  the  pipe  carefully  removed  and  the  hole 
filled  with  grout,  plugged,  and  connected  to  the  grout  pvorp  wl^dch  shall 
bo  kept  pumping  until  a pressure  of  per  square  n.nch  is  established. 

Tho  pressure  shall  be  maintained  at  100^  until  the  hole  refuses  to  take 
additional  grout  and  for  15  minutes  longer.  If  this  cannot  bo  accom- 
plished, additional  holes  shall  bo  drilled  in  the  vicinity  of  the  un- 
satisfactory hole  and  all  shall  be  grouted  in  tho  same  moimor. 

Holes  shall  bo  drilled  and  grouted  in  tho  sequence  sho^vn  on  tho 
dra\vings.  A complete  record  shall  bo  kept  of  tho  timo  each  holo  was 
drilled,  v/ashed  and  grouted,  and  also  the  oraount  of  grout  admitted  during 
each  10  minute  interval  shall  bo  recorded. 

Grout  for  tho  base  rock  shall  bo  composed  of  cement  and  water, 
or  coment,  sand  and  water  in  proportions  to  be  determined  by  tho  Engineer. 
Sand  shall  be  clean  and  of  such  fineness  that  100^  vn.ll  pass  a screen 
with  64  openings  per  square  inch  and  50?o  will  pass  a screen  with  ICOO 
openings  per  square  inch.  The  apparatus  for  mixing  and  placing  the  grout 
shall  bo  of  a typo  approved  by  the  Engineer  and  capable  of  mixing  and 
stirring  tho  grout  and  forcing  it  continually  into  holes  at  any  desired 
pressure  up  to  100  lbs,  per  square  inch.  If  during  tho  grouting  of  any 
grout  holo,  grout  is  found  to  flow  from  adjacent  holes  in  sufficient 
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(c)  Classification 

Class  A,  3000;','-  concrete  shall  be  used  in  the  apron  and  the  raain 
body  of  the  dam  up  to  elevation  2225.5,  Class  3,  2000;', '••  concrete  shall  bo 
used  for  the  stainvays  and  gate,  tool  and  valve  houses  and  the  parapet 
and  wallnmy  above  elevation  2225.5,  and  instrument  pier. 

(d)  Forms 

It  is  suggested  that  the  Contractor  use  panel  forms  for  the  main 
body  of  the  dam  with  suitable  devices  to  hold  adjacent  ends  and  edges  of 
panels  tight  and  in  accurate  alignment.  All  forms  shall  be  wired  each  ' 
time  before  being  used  v/^ith  suitable  non-stretching  wire  satisfactory 
to  the  Engineer.  Metal  rods  or  similar  devices  to  hold  the  forms  will 
be  allowed  in  the  structure  provided  proper  means  are  used  to  ted:e  out 
a portion  of  each  rod  nearest  the  surface,  at  least  2"  in  length.  All 
holes  left  after  removal  of  rods  shall  be  filled  immediately  and  com- 
pletely covered  with  cement  mortar  and  the  surface  left  smooth  and  in 
good  condition.  If  wire  ties  are  used  they  shall  be  cut  off  closely 
to  the  concrete-  after  forms  are  removed.  Wood  forms  shall  be  vret  thor- 
oughly before  placing  concrete.  ITaere  forms  are  placed  in  sufficient 
units  for  continuous  surfacing  care  shall  be  exercised  to  sot  the  forms 
tightly  over  the  completed  surface  so  as  to  prevent  lealcage  of  mortar 
from  the  concrete.  Forms  simll  bo  left  in  place  until  their  removal 
is  authorized  by  the  Engineer  and  shall  then  bo  removed  by  the  Contractor 
with  care  so  as  to  avoid  injury  to  the  concrete.  Steel  forms  shall  be 
used  above  elevation  2200  to  form  the  spillway,  vmllnmy  supporting  piers, 
and  v;alkway  above  the  spillway  vdng  v/alls.  Permanent  galvanized  steel 
forms  shall  be  furnished  and  left  in  place  for  all  air  vents  in  the 
spillway.  The  cost  of  fonns  sliall  bo  included  in  the  prices  bid  for 
concrete . 

(e)  Dofectivo  Concrete 

Damaged  concrete  from  any  cause  or  defective  concrete  which 
shall  bo  found  dofectivo  at  any  time  before  the  completion  and  accoptanco 
of  the  work  shall  bo  removed  and  roplacod  by  the  Contractor  at  no  expense 
to  tho  City. 

(f)  Reinforcing  Steel 

Reinforcing  stool  shall  be  deformed  bars  rolled  from  intermediate 
grade  new  billet  steel,  free  from  rust,  scale  or  coatings  which  would  tend 
to  reduce  the  bond,  Tho  Contractor  shall  furnish  the  Engineer  with  de- 
tailed shop  drawings  for  approval.  Reinforcing  bars  shall  be  so  secured 
that  they  will  not  bo  displaced  during  tho  placing  of  concrete. 

Payment  for  reinforcing  steel  will  be  made  at  the  unit  prices 
bid  in  the  schedule  which  price  shall  include  tho  delivered  cost  of  tho 
stool  and  the  cutting,  bending,  placing,  mring  and  maintaining  of  some 
as  sho;vn  on  tho  di'awings  or  as  directed  by  tho  Engineer. 
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and  stairways  shall  bo  chocked  before  concrete  is  poured.  The  entire 
surface  of  the  parapet  above  elevation  2225.5  shall  be  stripped  green 
and  finished  v/ith  wooden  floats.  The  surface  of  the  walkway  shall  be 
trov/eled  smooth  and  finished  vri.th  vrooden  floats,  particular  care  being 
taken  to  maintain  drainage  to  tho  4"  cast  iron  pipes  provided  for  this 
purpose. 

(d)  Concrete  in  Valve  and  Gate  Houses 

Tho  concrete  in  the  Valve,  Tool  and  Gate  Houses  shall  be  class  B 
concrete  built  to  the  linos  and  dimensions  shown  on  the  drawings  or  pre- 
scribed by  the  Engineer.  All  reinforcement  and  imbedded  steel  and  iron 
v/ork  shall  be  checked  before  concrete  is  poured.  The  roof  of  the  gate 
and  tool  houses  at  the  top  of  the  dam  shall  be  waterproofed  and  finished 
integrally  v/ith  steel  trovrel  and  loft  smooth.  No  roofing  will  be  re- 
quired for  these  structures.  The  roof  covering  of  the  valve  house  shall 
be  a 5 ply  tar  and  gravel  Barrett  specification,  or  equal,  and  provision 
shall  be  made  for  drainage  including  tho  installation  of  a 4"  Holt,  or 
equal,  drainage  connection. 

(e)  Measurement  and  Payment 

Concrete  in  the  main  dam  and  apron  mil  be  measured  by  the  cubic 
yards  actually  placed  and  paid  for  at  the  \init  price  bid  in  the  schedule 
for  Class  A concrete,  which  price  shall  include  all  labor  and  all  material 
excepting  reinforcement. 

Concrete  in  parapets  and  stainvay  will  be  measured  by  tho  cubic 
yards  actually  placed  and  paid  for  at  the  unit  price  bid  in  the  schedule 
for  Class  B concrete,  which  price  shall  include  all  material  and  all 
labor  excepting  reinforcement. 

Tho  gate  house  and  tool  house  at  the  crest  of  the  dam  and  the 

valve  house  vri.ll  be  paid  for  at  the  Itsnp  sum  prices  bid  in  the  schedule 

for  these  items . 

(f)  Vertical  Construction  Joints 

Each  vortical  construction  joint  shall  bo  provided  with  keyways, 
grout  stops,  grouting  slots,  and  grouting  pipes  as  shown  on  tho  dravrings. 
Tho  grouting  slots  are  provided  in  tho  concrete  block  in  which  the  concrete 
is  placed  first,  by  nailing  a wooden  strip  to  tho  forms  and  providing 
pipe  connections  and  nails  as  shown.  After  the  foniis  are  stripped,  tho 

grouting  slot  is  protected  by  a shoot  iron  cover  fastened  by  bending 

tho  nails  ns  shown  on  the  dravrings.  Vflion  tlie  concrete  is  placed  in  tho 
adjoining  blocks  tho  grouting  slots  arc  to  bo  kept  clean  by  blowing  com- 
pressed air  through  them,  connecting  the  cenpressed  air  svipply  individ- 
ually to  each  grout  pipe  at  tho  bottom  of  tho  block.  After  the  dam  is 
finished,  the  grout  pipes  at  tho  bottom  of  tho  different  blocks  arc 
connootod  by  a hoador  immediately  preceding  tho  grouting. 
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(g)  Grouting  Construction  Joints 

Tho  grouting  of  tho  joints  is  to  bo  done  by  tho  use  of  two  grout- 
ing pumps.  Tho  grouting  shall  bo  done  at  two  symetrioally  located  ver- 
tical joints,  starting  with  tho  two  joints  at  tho  extreme  ends  of  tho 
dam  and  moving  toward  the  center,  alv/ays  grouting  tvvo  symotrically  lo- 
•ated  joints  simultaneously.  After  the  installation  of  tho  pumps  at 
tv/o  joints,  v/ater  should  be  pumped  through  the  grout  pipes  until  all 
air  is  removed  and  a uniform  flow  of  water  established  tlirough  the  out- 
going pipe,  after  which  the  water  should  be  pumped  through  the  joint  for 
at  least  once  hour.  After  \vater  has  been  pumped  through  tho  joint  for 
one  hour,  without  stopping  the  pump  and  without  interrupting  the  flow, 
grout  should  be  gradually  admitted  in  the  pump  and  the  pumping  continued 
until  a uniform  flovf  of  grout  will  be  established  through  the  outlet 
pipe.  Then  the  outlet  pipe  should  be  plugged  by  use  of  a vent  provided 
on  this  pipe,  the  pump  working  continuously,  increasing  the  pressure  in 
the  grouting  system  until  the  specified  pressure  of  100  lbs.  per  sq.in. 
is  obtained.  The  pump  should  be  kept  pumping  imder  this  pressure  until 
the  joint  refuses  to  admit  any  grout  and  one  half  hour  afterwards. 

If,  during  the  grouting  operation  the  pressure  cannot  be  built 
up,  duo  to  leakage,  the  whole  procedure  should  be  reversed,  water  being 
admitted  in  the  grouting  pipes  and  piunpod  until  all  grout  is  washed 
out.  Afterwards  the  lea!:  must  be  found  and  stopped  and  tho  v/hole  grouting 
procedure  repeated  until  the  joint  is  satisfactorily  grouted  under  the 
whole  specified  pressure  of  100  lbs.  per  sq.  in. 

Grout  for  vertical  construction  joints  shall  be  composed  of 
cement  and  ^vater  in  proportions  to  be  determined  by  the  Engineer.  Grout- 
ing vri.ll  be  paid  for  at  the  unit  price  bid  in  the  schedule  and  shall 
include  all  labor,  material,  plant  and  incidentals  necessary  to  the 
operation,  including  metal  grout  stops  and  plates  over  V slots.  Jloasuro- 
ment  of  dry  materials  vrill  be  made  at  the  grouting  pump  and  payment  will 
bo  made  for  each  full  batch  or  fractional  batch  actually  forced  into  the 
vertical  construction  joints.  No  payment  vrill  bo  made  for  lost,  v/astod 
or  rejected  grout. 


XI.  STRUCTURAL  STEEL 

(a)  Description 

The  principal  sti*uotural  steel  items  aro  the  trash  rack,  its 
guides  and  supports  and  tho  slot  and  cover  plate  in  t!io  floor  of  tho 
gate  house,  the  roof  beams,  gratings,  ladder,  pipe  railing  and  mis- 
collanoous  items  in  tho  gate  house,  tho  tool  houso  and  tho  valve  house. 

(b)  Matorialo  and  Workmanship 

All  structural  stool  shall  conform  to  the  latest  specification 
of  the  /Jno^icnl^  Society  for  Testing  Materials  for  structtiral  steel  for 
buildings.  Insofar  as  anplicablo,  tho  design,  fabricntioji,  and  erection 
shall  be  in  accordance  with  tho  standard  specifications  of  tho  American 
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